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1
HETEROCYCLIC ACRYLAMIDES AND
THEIR USE AS PHARMACEUTICALS

This application is a divisional of U.S. application Ser. No.
13/510,564 (now U.S. Pat. No. 8,846,711), filed Jul. 12,2012
(published as US 2012-0277207 A1), which is a U.S. national
phase of International Application No. PCT/EP2010/067647
filed 17 Nov. 2010 which designated the U.S. and claims
priority to U.S. Provisional Application No. 61/262,309 filed
18 Nov. 2009, the entire contents of each of which are hereby
incorporated by reference.

FIELD OF THE INVENTION

The invention relates to novel heterocyclic acrylamide
compounds, to the preparation of the compounds and inter-
mediates used therein, to the use of the compounds as anti-
bacterial medicaments and pharmaceutical compositions
containing the compounds.

BACKGROUND OF THE INVENTION

The invention particularly relates to new compounds
capable of inhibiting bacterial and/or parasite fatty acid bio-
synthesis and their use as antibacterial and/or antiparasitic
agents.

The emergence of antibiotic-resistant pathogens has
become a serious worldwide healthcare problem. Indeed,
some infections are now caused by multi-drug resistant
organisms that are no longer responsive to currently available
treatments. There is therefore an immediate need for new
antibacterial/antiparasitic agents with a novel mode of action.

The bacterial fatty acid biosynthesis (FASII system) has
recently generated a lot of interest for the development of
novel antibacterial/antiparasitic agents (Rock et al. J. Biol.
Chem. 2006, 281, 17541; Wright and Reynolds Curr. Opin.
Microbiol. 2007, 10,447). The organization of components in
the bacterial fatty acid biosynthesis pathway based on dis-
crete enzymes is fundamentally different from the multifunc-
tional FASI system found in mammals, therefore allowing
good prospects of selective inhibition. The overall high
degree of conservation in many enzymes of the bacterial
FASII system should also allow the development of broader-
spectrum antibacterial/antiparasitic agents.

Among all the monofunctional enzymes of the bacterial
FASII system, Fabl represents the enoyl-ACP reductase
responsible for the last step of the fatty acid biosynthetic
elongation cycle. Using the cofactor NAD(P)H as a hydride
source, Fabl reduces the double bond in the trans-2-enoyl-
ACP intermediate to the corresponding acyl-ACP product.
This enzyme has been shown to constitute an essential target
in major pathogens such as £. coli (Heath et al. J. Biol. Chem.
1995, 270, 26538; Bergler et al. Eur. J. Biochem. 1996, 242,
689) and S. aureus (Heath et al. J. Biol. Chem. 2000, 275,
4654). However, other isoforms have been isolated such as
FabK from S. preumoniae (Heath et al. Nature 2000, 406,
145) and FabL. from B. subtilis (Heath et al. J. Biol. Chem.
2000, 275, 40128). Although FabK is structurally and mecha-
nistically unrelated to Fabl (Marrakchi et al. Biochem J. 2003,
370, 1055), the similarity of Fabl with Fabl. (B. subtilis),
InhA (M. tuberculosis) and PIENR (P. falciparum) still offers
opportunities of interesting activity spectra (Heath et al. Prog.
Lipid Res. 2001, 40, 467).

Several Fabl inhibitors have already been reported in the
literature (Tonge et al. Acc. Chem. Res. 2008, 41, 11). Some of
them such as diazaborines (Baldock et al. Sciernce 1996, 274,
2107) and isoniazid in its activated form (Tonge et al. Proc.
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Natl. Acad. Sci. U.S.A. 2003, 100, 13881) act by covalently
modifying the cofactor NAD+. However some drawbacks are
associated with these products. Diazaborines are only used
experimentally because of their inherent toxicity (Baldock et
al. Biochem. Pharmacol. 1998, 55, 1541) while isoniazid is a
prodrug restricted to the treatment of susceptible tuberculo-
sis. The fact that isoniazid requires activation by hydrogen-
peroxyde inducible enzymes (Schultz et al. J. Am. Chem. Soc.
1995, 117, 5009) enhances the possibilities of resistance by
lack of activation or increased detoxification (Rosner et al.
Antimicrob. Agents Chemother. 1993,37,2251 and ibid 1994,
38, 1829).

Other inhibitors act by interacting noncovalently with the
enzyme-cofactor complex. For instance Triclosan, a widely
used consumer goods preservative with broad spectrum anti-
microbial activity, has been found to be a reversible, tight-
binding inhibitor of E. coli Fabl (Ward et al. Biochemistry
1999, 38, 12514). Intravenous toxicology studies on this
compound indicated a LDy, onrats of 29 mg/kg clearly ruling
out intravenous injection (Lyman et al. Ind. Med. Surg. 1969,
38, 42). Derivatives based on the 2-hydroxydiphenyl ether
core of Triclosan have been reported (Tonge et al. J. Med.
Chem. 2004, 47,509, ACS Chem Biol. 2006, 1,43 and Bioorg.
Med. Chem. Lett. 2008, 18, 3029; Surolia et al. Bioorg. Med.
Chem. 2006, 14, 8086 and ibid 2008, 16, 5536; Freundlich et
al.J. Biol. Chem. 2007, 282,25436) as well as other inhibitors
based on various classes of high throughput screening derived
templates (Seefeld et al. Bioorg. Med. Chem. Lett. 2001, 11,
2241 and J. Med. Chem. 2003, 46, 1627; Heerding et al.
Bioorg. Med. Chem. Lett. 2001, 11,2061; Miller et al. J. Med.
Chem. 2002, 45, 3246; Payne et al. Antimicrob. Agents
Chemother. 2002, 46, 3118; Sacchettini et al. J. Biol. Chem.
2003, 278, 20851; Moir et al. Antimicrob. Agents Chemother.
2004, 48, 1541; Montellano et al. J. Med. Chem. 2006, 49,
6308; Kwak et al. Int. J. Antimicro. Ag. 2007, 30, 446; Lee et
al. Antimicrob. Agents Chemother. 2007, 51, 2591; Kitagawa
et al. J. Med. Chem. 2007, 50, 4710, Bioorg. Med. Chem.
2007, 15, 1106 and Bioorg. Med. Chem. Lett. 2007, 17, 4982;
Takahata et al. J. Antibiot. 2007, 60, 123; Kozikowski et al.
Bioorg. Med. Chem. Lett. 2008, 18, 3565), nevertheless none
of'these inhibitors have succeeded yet as a drug. Interestingly,
some classes of these inhibitors display activity on both Fabl
and FabK: predominantly FabK for the dual compounds
based on phenylimidazole derivatives of 4-pyridones (Kita-
gawa et al. J. Med. Chem. 2007, 50, 4710), predominantly
Fabl for the indole derivatives (Payne et al. Antimicrob.
Agents Chemother. 2002, 46, 3118; Seefeld et al. J. Med.
Chem. 2003,46,1627). However, the moderate activity on the
second enzyme might prove to be a drawback for such com-
pounds as it may lead to an increase of resistance mechanisms
due to the added selection pressure (Tonge et al. Acc. Chem.
Res. 2008, 41, 11).

Despite the attractiveness of Fabl as an antibacterial/anti-
parasitic target, it is still largely unexploited at this time since
there are no drugs on the market or within advanced clinical
phases.

WO 2007/135562 (Mutabilis SA) describes a series of
hydroxyphenyl derivatives that display a selective spectrum
of activity on species containing Fabl and related targets, in
contrast to Triclosan. WO 2008/098374, WO 2008/009122,
WO 2007/067416, WO 2007/053131, WO 03/088897 and
WO 01/27103 (Affinium Pharmaceuticals Inc) all describe a
series of acrylamide derivatives which are claimed to be Fabl
inhibitors.
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One of the purposes of the invention is to provide novel
compounds active on Fabl and related targets with improved
pharmacological and/or physico-chemical properties over
existing compounds.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is pro-
vided a compound of formula (I):

@

R1

wherein:

W and X independently represent a bond or a —(CH,), ,
group, such that W and X together contain 1-5 carbon
atoms;

R1 represents an H, F, CN, (C,-Cy) alkyl, (C,-Cy) alkenyl,
(C,-Cy) alkynyl, CO,R,, COR,, CONR_R,, OCOR,,
OR, NR,R,, ON—CR,R,, NR_.COR, NR_.COOR,,
OCONR_R,, NR_.CONR,R,, NR_SO,R,, S(O),R,,
SO,NR_R,, —C(R,)=N—0O—R, Y—Ar or a Z-Het
group, wherein Ar represents phenyl or naphthyl, Het
represents a 4-10 membered monocyclic or bicyclic
saturated or unsaturated heterocycle containing 1-5 het-
eroatoms selected from N, O and S and Y and Z inde-
pendently represent a bond or a linker selected from O,
S, CO, (C,-Cq4) alkylene, —O—(C,-C) alkylene,
—CO—(C,-Cy) alkylene or —ON—CR_—(C,-Cy)
alkylene, wherein said R1 group may be optionally sub-
stituted by one or more R4 groups;

R2 represents an H, F, CN, (C,-Cy) alkyl, (C,-Cy) alkenyl,
(C,-Cy) alkynyl, CO,R,, COR,, CONR_R,, OCOR,,
OR, NR,R,, ON—CR,R,, NR_.COR, NR_.COOR,,
OCONR_R,, NR_.CONR _R,, NR_SO,R,, S(O),R, or
SO,NR_R, group;

R,, R, and R, independently represent H, (C,-Cy) alkyl,
(C,-Cy) alkenyl, (C,-Cy) alkynyl, or an NR_R, group
may optionally form a 3- to 7-membered nitrogen con-
taining saturated heterocycle optionally containing 1 to
3 additional heteroatoms selected from N, O or S
wherein said heterocycle may be optionally substituted
by one or more (C,-Cy) alkyl groups;

R, and R, independently represent H, (C,-Cy) alkyl, (C,-
Cy) alkenyl, (C,-Cy) alkynyl, halo(C,-Cy) alkyl, halo
(C,-Cy) alkyl-O—(C,-Cy) alkyl- or (C,-Cy) alkyl-O—
(C-Cy) alkyl-;

R represents (C,-Cy) alkyl, (C,-C) alkenyl, (C,-Cy) alky-
nyl, halo(C,-Cy) alkyl or —(C,-Cy) alkyl-Ar, wherein
Ar represents phenyl or naphthyl;

R4 represents halogen, CN, (C,-Cy) alkyl, (C,-C,) alkenyl,
(C,-Cy) alkynyl, CO,R,, COR,, CONR_R,, OCOR,,
OR, NR,R,, ON—CR,R,, NR_.COR, NR_.COOR,,
OCONR_R,, NR_CONR_R,, NR_SO,R,, S(O),R,, or
SO,NR_R;;

n represents an integer selected from 0 to 2;

R3 is a pyridyl ring optionally fused to a 5, 6 or 7 membered
aromatic, partially aromatic or saturated heterocycle
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containing 1-3 heteroatoms selected from N, O and S,
wherein said R3 group may be optionally substituted by
one or more RS groups;

RS is selected from the group consisting of F, CO,R,
COR_,,CONR_R,,OR_,—0O,NR_R,,NR_COR ,or (C,-
Cy) alkyl optionally substituted by F, CO,R, CON-
R,R,, OR,NR_R, NR_ COR,orHet optionally substi-
tuted by one or more (C,-Cy) alkyl groups, or two R5
groups together with the atom to which they are attached
may together form a Het group optionally substituted by
one or more (C,-Cy) alkyl groups;

or a pharmaceutically acceptable salt or solvate thereof.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 relates to the in vivo antibacterial activity of

Example 12 at 100 mg/kg; and

FIG. 2 relates to the in vivo antibacterial activity of

Example 15 at 50 mg/kg.

DETAILED DESCRIPTION OF THE INVENTION

According to one particular aspect of the invention which

may be mentioned, there is provided a compound of formula

@:
o 08)
)\/\ R3
N
—
N
W
R2 )r
R1
wherein:

W and X independently represent a bond or a—(CH,),
group, such that W and X together contain 1-5 carbon
atoms;

R1 represents an H, F, CN, (C,-Cy) alkyl, (C,-Cy) alkenyl,
(C,-Cy) alkynyl, CO,R,, COR,, CONR_R,, OCOR,,
OR, NR,R,, ON—CR_R,, NR_.COR, NR_COOR,,
OCONR_R,, NR_.CONR,R,, NR_SO,R,, S(O),R,,
SO,NR_R,, Y—Aror a Z-Het group, wherein Ar repre-
sents phenyl or naphthyl, Het represents a 4-10 mem-
bered monocyclic or bicyclic saturated or unsaturated
heterocycle containing 1-5 heteroatoms selected from
N, O and S and Y and Z independently represent a bond
or a linker selected from O, CO, (C,-Cy) alkylene,
—0O—(C,-Cy) alkylene, —CO—(C,-Cy) alkylene or
—ON—CR_—(C,-Cy) alkylene, wherein said R1 group
may be optionally substituted by one or more R4 groups;

R2 represents an H, F, CN, (C,-Cy) alkyl, (C,-Cy) alkenyl,
(C,-Cy) alkynyl, CO,R,, COR,, CONR_R,, OCOR,,
OR, NR,R,, ON—CR,R,, NR_.COR, NR_.COOR,,
OCONR_R,, NR_CONR_R,, NR_SO,R,, S(O),R, or
SO,NR R, group;

R,, R, and R_ independently represent H, (C,-C) alkyl,
(C,-Cy) alkenyl, (C,-Cy) alkynyl, or an NR R, group
may optionally form a 3- to 7-membered nitrogen con-
taining saturated heterocycle optionally containing 1 to
3 additional heteroatoms selected from N, O or S
wherein said heterocycle may be optionally substituted
by one or more (C,-Cy) alkyl groups;
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R, and R, independently represent H, (C,-Cy) alkyl, (C,-
Cy) alkenyl, (C,-Cy) alkynyl, halo(C,-Cy) alkyl, halo
(C,-Cy) alkyl-O—(C,-Cy) alkyl- or (C,-Cy) alkyl-O—
(C,-Cs) alkyl-;

R4 represents halogen, CN, (C,-Cy) alkyl, (C,-C,) alkenyl,
(C,-Cy) alkynyl, CO,R,, COR,, CONR_R,, OCOR,,
OR, NR,R,, ON—CR_R,, NR_.COR, NR_COOR,,
OCONR_R,, NR_CONR_R,, NR_SO,R,, S(O),R,, or
SO,NR_R;;

n represents an integer selected from 0 to 2;

R3 is a pyridyl ring optionally fused to a 5, 6 or 7 membered
aromatic, partially aromatic or saturated heterocycle
containing 1-3 heteroatoms selected from N, O and S,
wherein said R3 group may be optionally substituted by
one or more RS groups;

R5 is selected from the group consisting of F, CO,R,
COR,, CONR_R,,OR;,—O,NR_R,,NR_COR or (C,-
Cy) alkyl optionally substituted by F, CO,R,, CON-
R,R,, OR, NR,R,, NR,COR, or two R5 groups
together with the atom to which they are attached may
together form a Het group optionally substituted by one
or more (C,-Cy) alkyl groups;

or a pharmaceutically acceptable salt or solvate thereof.

The compounds of the invention may have good in vitro
and/or in vivo activity and display surprisingly improved
pharmacological, physical and/or chemical properties over
previously described Fabl inhibitors as confirmed by data
presented herein. For example, compounds of the invention
which have been tested display surprisingly less serum bind-
ing than previously described acrylamide derivatives. Fur-
thermore, compounds of the invention which have been tested
appear to demonstrate parenteral (such as subcutaneous) and
oral bioavailability. Certain compounds of the invention also
appear to reduce the apparition of resistance mechanisms by
being selective of Fabl and related targets while avoiding
hitting structurally unrelated targets such as FabK. In addi-
tion, compounds of the invention which have been tested
appear to demonstrate greater solubility than previously
described Fabl inhibitors.

In the present context, the term “pharmaceutically accept-
able salt” is intended to indicate salts which are not harmful to
the patient. Such salts include pharmaceutically acceptable
acid addition salts, pharmaceutically acceptable metal salts
and pharmaceutically acceptable akaline addition salts. Acid
addition salts include salts of inorganic acids as well as
organic acids.

Representative examples of suitable inorganic acids
include hydrochloric, hydrobromic, hydroiodic, phosphoric,
sulfuric, nitric acids and the like. Representative examples of
suitable organic acids include formic, acetic, trichloroacetic,
trifluoroacetic, propionic, benzoic, cinnamic, citric, fumaric,
glycolic, lactic, maleic, malic, malonic, mandelic, oxalic,
picric, pyruvic, salicylic, succinic, methanesulfonic, ethane-
sulfonic, tartaric, ascorbic, pamoic, bismethylene salicylic,
ethanedisulfonic, gluconic, citraconic, aspartic, stearic,
palmitic, EDTA, glycolic, p-aminobenzoic, glutamic, benze-
nesulfonic, p-toluenesulfonic acids and the like. Further
examples of pharmaceutically acceptable inorganic or
organic acid addition salts include the pharmaceutically
acceptable salts listed in J. Pharm. Sci. 1977, 66, 2, which is
incorporated herein by reference. Examples of metal salts
include lithium, sodium, potassium, magnesium salts and the
like. Examples of ammonium and alkylated ammonium salts
include ammonium, methylammonium, dimethylammo-
nium, trimethylammonium, ethylammonium, hydroxyethy-
lammonium, diethylammonium, butylammonium, tetram-
ethylammonium salts and the like.
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Representative examples of alkaline salts include, for
example, sodium, potassium, lithium, calcium, magnesium
or ammonium or organic bases such as, for example, methy-
lamine, ethylamine, propylamine, trimethylamine, diethy-
lamine, triethylamine, N,N-dimethylethanolamine, tris(hy-
droxymethyl)aminomethane,  ethanolamine,  pyridine,
piperidine, piperazine, picoline, dicyclohexylamine, mor-
pholine, benzylamine, procaine, lysine, arginine, histidine,
N-methylglucamine.

According to the invention, the compounds of formula (I)
can be in racemic forms, as well as in the form of pure
enantiomers or non racemic (scalemic) mixture of enanti-
omers, including when the compounds of formula (I) have
more than one stereogenic centre. In case the compounds of
formula (I) have unsaturated carbon carbon double bonds,
both the cis (Z) and trans (E) isomers and their mixtures
belong to the invention.

References herein to “halogen” means a fluorine, chlorine,
bromine or iodine atom.

References herein to “(C,-Cg) alkyl” means any linear,
branched hydrocarbon groups having 1 to 6 carbon atoms, or
cyclic hydrocarbon groups having 3 to 6 carbon atoms. Rep-
resentative examples of such alkyl groups include methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl,
n-pentyl, isopentyl, neopentyl, cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl.

References herein to “(C,-Cy) alkenyl” means any linear,
branched hydrocarbon groups of 2 to 6 carbon atoms, or
cyclic hydrocarbon group having 3 to 6 carbon atoms having
at least one double bond. Representative examples of such
alkenyl groups include ethenyl, propenyl, butenyl and cyclo-
hexenyl. References to “halo(C,-C,) alkenyl” mean a (C,-Cy)
alkenyl group substituted by one or more halogen atoms as
herein defined.

References herein to “(C,-Cy) alkynyl” means any linear,
or branched hydrocarbon groups of 2 to 6 carbon atoms,
having at least one triple bond. Representative examples of
such alkynyl groups include ethynyl, propargyl and butynyl.
References to “halo(C,-Cy) alkynyl” mean a (C,-Cy) alkynyl
group substituted by one or more halogen atoms as herein
defined.

Tustrative examples of Het within the definition of R1 and
RS include those selected from the group comprising furyl,
tetrahydrofuryl, benzofuryl, tetrahydrobenzofuryl, thienyl,
tetrahydrothienyl, benzothienyl, tetrahydrobenzo-thienyl,
pyrrolyl, pyrrolidinyl, indolyl, indolinyl, tetrahydroindolyl,
oxazolyl, oxazolinyl, oxazolidinyl, benzoxazolyl, tetrahy-
drobenzoxazolyl, oxazolopyridinyl, tetrahydrooxazolopy-
ridinyl, oxazolopyrimidinyl, tetrahydrooxazolopyrimidinyl,
oxazolopyrazinyl, oxazolopyridazinyl, oxazolotriazinyl,
isoxazolyl, benzoisoxazolyl, tetrahydrobenzoisoxazolyl,
thiazolyl, thiazolinyl, thiazolidinyl, benzothiazolyl, tetra-hy-
drobenzothiazolyl, thiazolopyridinyl, tetrahydrothiazolopy-
ridinyl, thiazolopyri-midinyl, tetrahydrothiazolopyrimidinyl,
thiazolopyrazinyl, thiazolopyridazinyl, thia-zolotriazinyl,
isothiazolyl, benzoisothiazolyl, tetrahydrobenzoisothiazolyl,
imidazolyl, benzimidazolyl, tetrahydrobenzimidazolyl,
pyrazolyl, indazolyl, tetrahydroindazolyl, triazolyl, oxadiaz-
olyl, thiadiazolyl, tetrazolyl, pyranyl, dihydropyranyl, tet-
rahydropyranyl, benzopyranyl, dioxanyl, benzodioxanyl,
dioxolanyl, benzodioxolanyl, pyridinyl, pyridonyl, piperidi-
nyl, tetrahydropyridinyl, quinolinyl, isoquinolinyl, tetra- and
perhydro-quinolinyl and  isoquinolinyl, pyrimidinyl,
quinazolinyl, pyrazinyl, pyrazidinyl, piperazinyl, quinoxali-
nyl, piridazinyl, cinnolinyl, phtalazinyl, triazinyl, purinyl,
pyrazolopyridinyl, tetrahydropyrazolopyridnyl, pyrazolopy-
rimidinyl, pyrazolopyrazinyl, pyrazolotriazinyl, triazolopy-
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ridinyl, tetra-hydrotriazolopyridinyl, triazolopyrimidinyl,
triazolopyrazinyl, triazolotriazinyl, oxetanyl, azetidinyl and
morpholinyl.

Tlustrative examples of saturated nitrogen containing het-
erocycles within the definition of NR_R, include those
selected from the group comprising, pyrrolidinyl, oxazolidi-
nyl, thiazolidinyl, piperidinyl, piperazinyl and morpholinyl.

In one embodiment, W and X both represent CH,, thus
forming an azetidinyl ring which is substituted at the 3 posi-
tion by R1 and R2.

In an alternative embodiment, one of W and X represents
CH, and the other represents CH,CH,, thus forming a pyrro-
lidiny!l ring which is substituted at the 3 position by R1 and
R2.

In an alternative embodiment, one of W and X represents a
bond and the other represents CH,CH,CH,, thus forming a
pyrrolidinyl ring which is substituted at the 2 position by R1
and R2.

In a further alternative embodiment, W and X both repre-
sent CH,CH,, thus forming a piperidinyl ring which is sub-
stituted at the 4 position by R1 and R2.

In a further alternative embodiment, one of W and X rep-
resents CH, and the other represents CH,CH,, thus forming a
piperidinyl ring which is substituted at the 3 position by R1
and R2.

In a yet further alternative embodiment, one of W and X
represents a bond and the other represents CH,CH,CH,CH,,
thus forming a piperidinyl ring which is substituted at the 2
position by R1 and R2.

In a most particular embodiment, W and X both represent
CH,, thus forming an azetidinyl ring which is substituted at
the 3 position by R1 and R2.

In one embodiment, R1 represents an H, F, (C,-Cy) alkyl,
(C5-Cy) alkenyl, OR, S(O)R, —CR)=N—O0—R,
Y—Ar or Z-Het group each of which may be optionally
substituted by one or more R4 groups.

In a further embodiment, R1 represents an H, F, (C,-Cy)
alkyl, (C,-Cy) alkenyl, OR ;, S(O), R ,, Y—Ar or Z-Het group
each of which may be optionally substituted by one or more
R4 groups.

In a yet further embodiment, R1 represents an H, (C,-Cy)
alkyl, OR ;, S(O),R,,, Y—Ar or Z-Het group each of which
may be optionally substituted by one or more R4 groups.

Inastill yet further embodiment, R1 represents OR ,, Z-Het
or —C(R,)=N—0—R; such as a Z-Het group (i.e. benzo-
furanyl optionally substituted by a methyl group).

In one embodiment, R1 represents H.

When R1 represents (C,-Cy) alkyl optionally substituted
by one or more R4 groups, in one embodiment R1 represents
ethyl or propyl optionally substituted by one or more OR,
groups (such as —OH). In a further embodiment, R1 repre-
sents propyl or ethyl substituted by an OH group. In a yet
further embodiment, R1 represents propyl or (CH,),OH.

When R1 represents OR,, in one embodiment R, repre-
sents (C,-Cy) alkyl (e.g. butyl, pentyl or —(CH,),—CH
(Me)), halo(C,-Cy) alkyl (e.g. —CH,—CF; or —CH,—
CF,), —(C,;-Cy) alkyl-O—(C,-Cy) alkyl (e.g. —(CH,),—
OMe or —(CH,);—OMe) or (C,-Cy) alkenyl (e.g. —CH,—
CH—CH-Me or —CH,—C(Me)=CH-Me).

When R1 represents OR, in a further embodiment R,
represents (C,-Cy) alkyl, such as pentyl or (C,-Cy) alkenyl
such as —CH,—CH—CH-Me.

When R1 represents OR ,, in a yet further embodiment R,
represents (C,-C,) alkyl, such as butyl.

When R1 represents S(O),,R . in one embodiment n repre-
sents 2 and R, represents (C,-Cy) alkyl, such as pentyl.
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When R1 represents Y—Ar, in one embodiment, R1 rep-
resents phenyl, —O-phenyl, —O—CH,-phenyl or —CH,—
O-phenyl each of which may be optionally substituted by one
or more R4 groups (such as —CH,—O-fluorophenyl).

In one embodiment, Ar represents phenyl.

Inone embodiment, Y represents a bond or a linker selected
from O or —O—(C,-Cy) alkylene (such as —O—CH,— or
—CH,—0—).

When R1 represents Z-Het, in one embodiment, R1 repre-
sents benzoxazolyl, oxadiazolyl, benzofuranyl, —S-thienyl,
—O-benzothiophenyl, —O-benzofuranyl, —O-Pyridyl,
—O—CH,-pyridyl, —O—CH,-thienyl, —O—(CH,),-thie-
nyl, —O—(CH,);-thienyl, —O—CH,-thiazolyl,
—O—CH,-pyrazolyl, —O—CH,-furanyl, —O—CH,-ben-
zothiophenyl, or —ON—C(Me)-CH,-Pyrimidinyl each of
which may be optionally substituted by one or more R4

groups.
When R1 represents Z-Het, in a further embodiment, R1
represents  benzoxazolyl, oxadiazolyl, —O-pyridyl,

—O—CH,-pyridyl, —O—CH,-thienyl, —O—CH,-thiaz-
olyl or —ON—C(Me)-CH,-Pyrimidiny] each of which may
be optionally substituted by one or more R4 groups (such as
methyloxadiazolyl).

When R1 represents Z-Het, in a yet further embodiment,
R1 represents —O—CH,-thienyl, —O—(CH,),-thienyl or
-benzofuranyl optionally substituted by an R4 group (such as
methyl).

When R1 represents Z-Het, in a still yet further embodi-
ment, R1 represents -benzofuranyl optionally substituted by
an R4 group (such as methyl).

When RI1 represents —C(R,)=N—O—R, in one
embodiment, R, represents (C,-Cy) alkyl (e.g. methyl) and R,
represents (C,-Cy) alkyl (e.g. ethyl or propyl), halo(C,-Cy)
alkyl (e.g. —CH,—CF;) or—(C,-Cy) alkyl-Ar (e.g. —CH,-
phenyl).

When R1 represents —C(R,)=N—O—R; in a further
embodiment, R, represents (C,-Cy) alkyl (e.g. methyl) and R
represents (C,-Cy) alkyl (e.g. propyl).

In one embodiment, Het represents benzothiophenyl, ben-
zofuranyl, benzoxazolyl, oxadiazolyl, pyridyl, pyrazolyl,
thienyl, thiazolyl, furanyl or pyrimidinyl each of which may
be optionally substituted by one or more R4 groups.

In a further embodiment, Het represents benzoxazolyl,
oxadiazolyl, pyridyl, thienyl, thiazolyl or pyrimidinyl each of
which may be optionally substituted by one or more R4
groups.

Inone embodiment, Z represents a bond or a linker selected
from O, S or —O—(C,-Cy) alkylene (such as —O—CH,—,
—O—(CH,),— or —O—(CH,);—) or —ON—CR —(C, -
C,) alkylene (such as —ON—C(Me)-CH,—).

In a further embodiment, Z represents a bond or a linker
selected from O or —O—(C,-Cy) alkylene (such as
—O0O—CH,—) or —ON—CR ,—(C,-Cy) alkylene (such as
—ON—C(Me)-CH,—).

In one embodiment, R1 represents OR,; (such as —O-
pentyl) or Z-Het (such as —O—CH,-thienyl). In a further
embodiment, R1 represents Z-Het, such as —O—CH,-thie-
nyl.

In one embodiment, R2 represents an H or OR; group. Ina
further embodiment, R2 represents an H or OH group. In ayet
further embodiment, R2 represents H.

In one embodiment, R4 represents halogen (such as bro-
mine, chlorine or fluorine), (C,-Cy) alkyl (such as methyl),
(C,-Cy) alkenyl or (C,-Cy) alkynyl. In a further embodiment,
R4 represents halogen (such as fluorine) or (C,-C,) alkyl
(such as methyl). In a yet further embodiment, R4 represents
fluorine or methyl.
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In a further embodiment, R4 represents halogen (such as
fluorine), (C,-Cy) alkyl (such as methyl), (C,-C;) alkenyl or
(C,-Cy) alkynyl. In a further embodiment, R4 represents
halogen (such as fluorine) or (C,-Cy) alkyl (such as methyl).
In a yet further embodiment, R4 represents fluorine or
methyl.

Examples of ring systems within the definition of R3
include heterocycles of formula (a)-(i):

S
=
N Il\I 0
H
(b)
T TR
| Z
N lel 0
H
(c)
AN
| P
N
u (d)
/
AN N
| P
N N
H/ 0
(e)
AN
[ T >
s
N \
H
®
T
Y
N \
H
(&
AN
| 0
s
N \
H
o ()
AN
| ~—o0
N
N \
H
u ®
/
AN N
| %O
s
N \
H
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each of which may be optionally substituted, or further sub-
stituted as appropriate, by one or more RS groups.

An example of a compound of formula (I) wherein two RS
groups together with the atom to which they are attached
together form a Het group optionally substituted by one or
more (C,-Cy) alkyl groups include a spiro ring system of
formula (j):

G

N N (6]

A further examples of a ring system within the definition of
R3 includes the heterocycle of formula (k):

N/ N/ko

H

&)

which may be optionally substituted, or further substituted as
appropriate, by one or more RS groups.

In one embodiment, R3 is a pyridyl ring or a pyridyl ring
fused to a 5, 6 or 7 membered aromatic, partially aromatic or
saturated heterocycle containing 1-5 heteroatoms selected
from N, O and S, wherein said R3 group may be optionally
substituted by one or more R5 groups.

In a further embodiment, R3 is a pyridyl ring or a pyridyl
ring fused to a 5 or 6 membered aromatic, partially aromatic
or saturated heterocycle containing 1-5 heteroatoms selected
from N, O and S, wherein said R3 group may be optionally
substituted by one or more R5 groups.

In a yet further embodiment, R3 is a pyridyl ring or a
pyridyl ring fused to a 6 membered aromatic, partially aro-
matic or saturated heterocycle containing 1-5 heteroatoms
selected from N, O and S, wherein said R3 group may be
optionally substituted by one or more RS groups.

In asstill yet further embodiment, R3 is a pyridyl ring fused
to a 6 membered aromatic, partially aromatic or saturated
heterocycle containing 1-5 heteroatoms selected from N, O
and S, wherein said R3 group may be optionally substituted
by one or more RS groups.

Inone embodiment, R3 represents a heterocycle of formula

x):
N/ N /ko

H

&)

which may be optionally substituted, or further substituted as
appropriate, by one or more R5 groups, such as (C,-Cy) alkyl
optionally substituted by CO,R, (e.g. —CH,—CO,H),



US 9,051,321 B2

11

NR,R, (e.g. —CH,—N(Me),) or Het optionally substituted
by one or more (C,-Cy) alkyl groups (e.g. —(CH,),-piper-
azinyl-Me).

In one embodiment, R3 represents a heterocycle of formula

@, (). (©), (@), (D, (@), G) or (k):

B
P
N 1|\1 0
H
(b)
| xR X
P
N 1|\1 0
H
(c)
[
P
N
(d)
H
N/
B
P
N N
H/ 0
®
T
Y
N \
H
®
H
/
RN N
| >=O
s
N \
H
()
N/
8
P
N 1|\1 0
H
(k)
\(\/E\N
PP
N 1|\1 0
H

each of which may be optionally substituted, or further sub-
stituted as appropriate, by one or more R5 groups, such as
CO,R, (e.g. CO,Me), NR R, (e.g. NH,), CONR_R, (e.g.
CONH,), NR_.COR, (e.g. NHCOMe) or (C,-Cy) alkyl
optionally substituted by F, CO,R, (e.g. —CH,—CO,H),
CONR_R,, OR, (e.g. CH,OH),NR R, (e.g. —CH,—N(Me)
), NR,COR, or Het optionally substituted by one or more
(C,-Cy) alkyl groups (e.g. —(CH,),-piperazinyl-Me).
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In a further embodiment, R3 represents a heterocycle of
formula (a) or (j):

|\
/
N 1|\1 0
H
)}
N~
|\
/
N 1|\1 0
H

each of which may be optionally substituted, or further sub-
stituted as appropriate, by one or more R5 groups, such as
CO,R, (e.g. CO,Me), NR R, (e.g. NH,), CONR_R, (e.g.
CONH,), NR_COR, (e.g. NHCOMe) or (C,-C,) alkyl
optionally substituted by F, CO,R, (e.g. —CH,—CO,H),
CONR_R,, OR, (e.g. CH,OH),NR R, (e.g. —CH,—N(Me)
), NR,COR,, or Het optionally substituted by one or more
(C,-Cy) alkyl groups (e.g. —(CH,),-piperazinyl-Me).

In a further embodiment, R3 represents a heterocycle of
formula (a), (b) or (c):

(@)

| A
N 0
h
®)
| xR
N 0
h
©
x
| P

each of which may be optionally substituted, or further sub-
stituted as appropriate, by one or more R5 groups, such as
CO,R, (e.g. CO,Me), NR_ R, (e.g. NH,), CONR_R, (e.g.
CONH,), NR_.COR, (e.g. NHCOMe) or (C,-Cy) alkyl
optionally substituted by F, CO,R, CONR_R,, OR, (e.g.
CH,OH), NR R, or NR_COR,.

In a further embodiment, R3 represents a heterocycle of
formula (c):

©
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optionally substituted by one or more R5 groups, such as
NR_R, (e.g. 2-NH,) or NR_COR,, (e.g. 2-NHCOMe).
In ayet further embodiment, R3 represents a heterocycle of
formula (a) or (b):

®
Z
N Il\I 0
H
(b)
|\ AN
Z
N Il\I 0
H

optionally further substituted by one or more R5 groups, such
as CO,R, (e.g. 3-CO,Me), CONR_R, (e.g. 3-CONH,) or
(C,-Cy) alkyl optionally substituted by OR, (e.g. 3-CH,OH).

In ayet further embodiment, R3 represents a heterocycle of
formula (a):

optionally further substituted by one or more R5 groups, such
as CO,R, (e.g. 3-CO,Me), CONR_R, (e.g. 3-CONH,) or
(C,-Cy) alkyl optionally substituted by OR , (e.g. 3-CH,OH).

In a still yet further embodiment, R3 represents a hetero-
cycle of formula (a):

which has no further RS substituents.

In one embodiment, n represents 1 or 2. In a further
embodiment, n represents 2.

In one embodiment, R , R, and R independently represent
H, (C,-Cy) alkyl,oran NR R, group may optionally form a 3-
to 7-membered nitrogen containing saturated heterocycle
optionally containing 1 to 3 additional heteroatoms selected
from N, O or S wherein said heterocycle may be optionally
substituted by one or more (C,-Cy) alkyl groups.

In one embodiment, R ; and R, independently represent H,
(C,-Cy) alkyl, (C,-Cy) alkenyl, halo(C,-Cy) alkyl, halo(C, -
Cy) alkyl-O—(C,-Cy) alkyl- or (C,-Cy) alkyl-O—(C,-Cy)
alkyl-.

In a further embodiment, R ; and R, independently repre-
sent H, (C,-Cy) alkyl, halo(C,-Cy) alkyl-O—(C,-Cy) alkyl-
or (C,-Cy) alkyl-O—(C,-Cy) alkyl-.

In one embodiment, R -represents (C,-Cy) alkyl (e.g. ethyl
or propyl), halo(C,-Cy) alkyl (e.g. —CH,—CF;) or —(C, -
C,) alkyl-Ar (e.g. —CH,-phenyl).

10

15

20

25

30

35

40

45

50

14

In one embodiment, the compound of formula (I) is
selected from:
6-[(1E)-3-Azetidin-1-yl-3-oxoprop-1-en-1-yl]-3,4-dihydro-

1,8-naphthyridin-2(1H)-one (E1);
6-[(1E)-3-Ox0-3-pyrrolidin-1-ylprop-1-en-1-yl]-3,4-dihy-

dro-1,8-naphthyridin-2(1H)-one (E2);
6-[(1E)-3-Oxo0-3-piperidin-1-ylprop-1-en-1-yl]-3,4-dihy-
dro-1,8-naphthyridin-2(1H)-one (E3);
6-{(1E)-3-[4-(2-Hydroxyethyl)piperidin-1-yl]-3-oxoprop-
1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2(1H)-one (B4);
6-[(1E)-3-{[4-(4-Fluorophenoxy)methyl]piperidin-1-y1}-3-
oxoprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E5);
6-[(1E)-3-Ox0-3-(3-phenoxyazetidin-1-yl)prop-1-en-1-yl]-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E6);
6-[(1E)-3-Ox0-3-(2-phenylpyrrolidin-1-yl)prop-1-en-1-yl]-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E7);
6-[(1E)-3-Ox0-3-(4-propylpiperidin-1-yl)prop-1-en-1-yl]-3,
4-dihydro-1,8-naphthyridin-2(1H)-one (ES8);
6-[(1E)-3-{[3-(4-Fluorophenoxy)methyl]piperidin-1-y1}-3-
oxoprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E9);
6-[(1E)-3-Ox0-3-(3-phenoxypyrrolidin-1-yl)prop-1-en-1-
yl1]-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E10);
6-{(1E)-3-[3-(5-Methyl-1,2,4-0xadiazol-3-yl)azetidin-1-
yl]-3-oxoprop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-
2(1H)-one (E11);

6-{(1E)-3-Ox0-3-[3-(2-thienylmethoxy azetidin-1-y1]prop-
1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2(1H)-one
(F12);

6-{(1E)-3-[2-(5-Methyl-1,2 4-oxadiazol-3-yl)piperidin-1-
yl]-3-oxoprop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-
2(1H)-one (E13);

6-{(1E)-3-[4-Hydroxy-4-phenylpiperidin-1-yl]-3-oxoprop-
1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(F14);
6-{(1E)-3-Ox0-3-[3-(pentyloxyazetidin-1-yl|prop-1-en-1-

yl1}-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E15);
6-{(1E)-3-Ox0-3-[3-(pyridin-3-yloxy)pyrrolidin-1-yl]prop-

1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E16);
6-{(1E)-3-[3-(Benzyloxy)azetidin-1-yl]-3-oxoprop-1-en-1-

yl1}-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E17);
6-{(1E)-3-[2-(1,3-Benzoxazol-2-yl)piperidin-1-y1]-3-oxo-

prop-1-en-1-yl1}-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(B18);
6-[(1E)-3-{3-[(2-Methylprop-2-en-1-yl)oxy]azetidin-1-y1}-

3-oxoprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2

(1H)-one (E19);
6-{(1E)-3-Ox0-3-[3-(1,3-thiazol-2-ylmethoxy)azetidin-1-

yl]prop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2(1H)-

one (E20);
6-{(1E)-3-[3-({[(1B)-1-Methyl-2-pyrimidin-2-ylethylidene]

amino }oxy)azetidin-1-yl]-3-oxoprop-1-en-1-yl}-3 4-di-

hydro-1,8-naphthyridin-2(1H)-one (E21);
6-{(1E)-3-[3-(Pentylsulfonyl)azetidin-1-yl]-3-oxoprop-1-

en-1-yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one (B22);
5-{(1E)-3-Ox0-3-[3-(pyridin-4-ylmethoxy)azetidin-1-yl]
prop-1-en-1-yl}pyridin-2-amine (E23);

N-(5-{(1E)-3-Ox0-3-[3-(pyridin-4-ylmethoxy)azetidin-1-
yl]prop-1-en-1-yl}pyridin-2-yl)acetamide (E24);

Methyl = 6-[(1E)-3-{4-[(4-fluorophenoxy)methyl]piperidin-
1-yl}-3-oxoprop-1-en-1-yl]-2-0x0-1,2,3 4-tetrahydro-1,
8-naphthyridine-3-carboxylate (E25);

6-[(1E)-3-{4-[(4-Fluorophenoxy)methyl]piperidin-1-y1}-3-
oxoprop-1-en-1-yl]-2-ox0-1,2,3,4-tetrahydro-1,8-naph-
thyridine-3-carboxamide (E26);
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6-[(1E)-3-{4-[(4-Fluorophenoxy)methyl]piperidin-1-y1}-3-
oxoprop-1-en-1-yl]-2-0x0-1,2-dihydro-1,8-naphthyri-
dine-3-carboxamide (E27); and
3-(Hydroxymethyl)-6-[(1E)-3-{4-[(4-fluorophenoxy)me-
thyl]piperidin-1-y1}-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,
8-naphthyridin-2(1H)-one (E28);

or a pharmaceutically acceptable salt or solvate thereof.

In an alternative embodiment, the compound of formula (I)
is selected from:
(E)-6-(3-Ox0-3-(3-(2-(thiophen-2-yl)ethoxy)azetidin-1-y1)

prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E29);

(E)-6-(3-Ox0-3-(3-(3-(thiophen-2-yl)propoxy )azetidin-1-
yl)prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one
(E30);

(E)-6-(3-(3-((3-Methylthiophen-2-yl)methoxy)azetidin-1-
y1)-3-0xoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2
(1H)-one (E31);

6-[3-(3-(4-Methyl-thiophen-2ylmethoxy)-azetidin-1-y1)-3-
oxo-propenyl]-3,4-dihydro-1H-[ 1,8 naphthyridin-2-one

(E32);
(E)-6-(3-(3-((5-Methylthiophen-2-yl)methoxy)azetidin-1-

y1)-3-0xoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2

(1H)-one (E33);
(E)-6-[3-(2-Methoxyethoxy)azetidin-1-yl)-3-oxoprop-1-

enyl]-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E34);

(E)-6-[3-(3-Methoxypropoxy )azetidin-1-y1)-3-oxoprop-1-
enyl]-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E35);

(E)-6-[3-(3-Butoxyazetidin-1-yl)-3-oxoprop-1-enyl]-3,4-di-
hydro-1,8-naphthyridin-2(1H)-one (E36);

(E)-6-[3-(3-Isobutoxyazetidin-1-yl)-3-oxoprop-1-enyl]-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E37);

(E)-6-(3-(3-((1-Methyl-1H-pyrazol-3-yl)methoxy)azetidin-
1-y1)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2
(1H)-one (E38);

(E)-6-(3-Ox0-3-(3-(thiazol-5-ylmethoxy)azetidin-1-yl)
prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one
(E39);

(E)-6-(3-(3-(Furan-2-ylmethoxy)azetidin-1-y1)-3-oxoprop-
1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E40);

(E)-1'-Methyl-6-(3-0x0-3-3-(thiophen-2-ylmethoxy)azeti-
din-1-yl)prop-1-enyl)-1H-spiro[[ 1,8]|naphthyridine-3,4'-
piperidin]-2(4H)-one (E41);

(E)-7-(3-Ox0-3-(3-(thiophen-2-ylmethoxy)azetidin-1-yl)
prop-1-enyl)-4,5-dihydro-1H-pyrido[2,3-¢][1,4|diazepin-
2(3H)-one (E42);

(E)-Ethyl 2-(2-0x0-6-(3-0x0-3-(3-(thiophen-2-ylmethoxy)
azetidin-1-yl)prop-1-enyl)-1,2-dihydropyrido[2,3-d]pyri-
midin-3(4H)-yl)acetate (E43);

(E)-3-(2-(4-Methylpiperazin-1-yl)ethyl)-6-(3-0x0-3-(3-
(thiophen-2-ylmethoxy)azetidin-1-yl)prop-1-enyl)-3,4-
dihydropyrido[2,3-d]pyrimidin-2(1H)-one (E44);

(E)-3-(3-((Dimethylamino)methyl)-1H-pyrrolo[2,3-b]pyri-
din-5-y1)-1-(3-(thiophen-2-ylmethoxy)azetidin-1-yl)
prop-2-en-1-one (E45);

(E)-6-(3-Ox0-3-(3-(thiophen-2-ylmethoxy)azetidin-1-yl)
prop-1-enyl)-1H-imidazo[4,5-b]pyridin-2(3H)-one (E46);

(E)-6-(3-Ox0-3-(3-(3,3,3-trifluoropropoxy)azetidin-1-yl)
prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one
(E47);

(E)-6-(3-Ox0-3-(3-(4,4 4-trifluorobutoxy)azetidin-1-yl)
prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one
(E48);

6-((E)-3-(3-((E)-But-2-enyloxy)azetidin-1-yl)-3-oxoprop-1-
enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E49);

6-((E)-3-(3-((Z)-But-2-enyloxy)azetidin-1-yl)-3-oxoprop-1-
enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E50);
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6-((E)-3-(3-((E)-2-Methylbut-2-enyloxy)azetidin-1-y1)-3-
oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E51);
(E)-6-(3-(3-(Benzo[b]thiophen-2-ylmethoxy)azetidin-1-yl)-
3-oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E52);
(E)-6-(3-(3-((4-Bromothiophen-2-yl)methoxy)azetidin-1-
y1)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2

(1H)-one (ES3);
(E)-6-(3-(3-((4-Chlorothiophen-2-yl)methoxy)azetidin-1-

y1)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2

(1H)-one (E54);
6-((E)-3-0Ox0-3-(3-((Z)-1-(propoxyimino ethyl)azetidin-1-

yDprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E55);
6-((E)-3-0Ox0-3-(3-((2)-1-(2,2,2-trifluoroethoxyimino)

ethyl)azetidin-1-yl)prop-1-enyl)-3,4-dihydro-1,8-naph-

thyridin-2(1H)-one (E56);
6-((E)-3-(3-((Z)-1-(Ethoxyimino)ethyl)azetidin-1-y1)-3-
oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E57);
(E)-6-(3-(3-(Benzofuran-3-yl)azetidin-1-y1)-3-oxoprop-1-
enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E5S8);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-y1)-3-oxoprop-1-
enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E59);
(E)-6-(3-(3-(Benzofuran-7-yloxy)azetidin-1-y1)-3-oxoprop-
1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E60);
(E)-6-(3-(3-(Benzo[b]thiophen-3-yloxy)azetidin-1-y1)-3-
oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E61);
(E)-6-(3-Ox0-3-(3-(thiophen-2-ylthio)azetidin-1-yl)prop-1-
enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E62);
(E)-6-(3-(3-Butoxyazetidin-1-yl)-3-oxoprop-1-enyl)-V-me-
thyl-1H-spiro[[ 1,8|naphthyridine-3.4'-piperidin]-2(4H)-
one (E63);
1'-Methyl-6-((E)-3-0x0-3-(3-((E)-1-(benzyloxyimino)ethyl)
azetidin-1-yl)prop-1-enyl)-1H-spiro[[1,8 |naphthyridine-
3,4'-piperidin]-2(4H)-one (E64);
1'-Methyl-6-((E)-3-0x0-3-(3-((E)-1-(propoxyimino)ethyl)
azetidin-1-yl)prop-1-enyl)-1H-spiro[[1,8 |naphthyridine-
3,4'-piperidin]-2(4H)-one (E65);
(E)-1'-Methyl-6-(3-0x0-3-(3-(2-(thiophen-2-yl)ethoxy )aze-
tidin-1-yl)prop-1-en-1-yl)-1H-spiro[[ 1,8 |naphthyridine-
3,4'-piperidin]-2(4H)-one (E66);
(E)-6-(3-(3-(3-Methylbenzofuran-2-yl)azetidin-1-y1)-3-
oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E67);
(E)-1'-Methyl-6-(3-(3-(3-methylbenzofuran-2-yl)azetidin-
1-y1)-3-0xoprop-1-enyl)-1H-spiro[[ 1,8 ]naphthyridine-3,
4'-piperidin]-2(4H)-one (E68);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-y1)-3-oxoprop-1-
en-1-yl)-V-methyl-1H-spiro[[ 1,8 |naphthyridine-3,4'-pip-
eridin]-2(4H)-one (E69);
6-((E)-3-0x0-3-(3-((E)-1-(propoxyimino )ethyl)azetidin-1-
yDprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E70); and
6-((E)-3-0Ox0-3-(3-((Z)-1-(propoxyimino ethyl)azetidin-1-

yDprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E71);
or a pharmaceutically acceptable salt or solvate thereof.

In a further embodiment, the compound of formula (1) is
selected from 6-{(1E)-3-Ox0-3-[3-(2-thienylmethoxy)azeti-
din-1-y1]prop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2
(1H)-one (E12) or 6-{(1E)-3-Ox0-3-[3-(pentyloxy)azetidin-
1-yl]prop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E15) or a pharmaceutically acceptable salt or solvate
thereof.
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In a further embodiment, the compound of formula (I) is
selected from
6-{(1E)-3-Ox0-3-[3-(2-thienylmethoxy azetidin-1-yl|prop-

1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(B12);
(E)-6-(3-Ox0-3-(3-(2-(thiophen-2-yl)ethoxy)azetidin-1-y1)

prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E29);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-y1)-3-oxoprop-1-

enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E59);
(E)-6-(3-(3-Butoxyazetidin-1-yl)-3-oxoprop-1-enyl)-V-me-

thyl-1H-spiro[[ 1,8 |naphthyridine-3,4'-piperidin]-2(4H)-
one (E63);
(E)-1'-Methyl-6-(3-0x0-3-(3-(2-(thiophen-2-yl)ethoxy )aze-
tidin-1-yl)prop-1-en-1-yl)-1H-spiro[[1,8]naphthyridine-
3,4'-piperidin]-2(4H)-one (E66);
(E)-6-(3-(3-(3-Methylbenzofuran-2-yl)azetidin-1-y1)-3-
oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E67);
(E)-1'-Methyl-6-(3-(3-(3-methylbenzofuran-2-yl)azetidin-
1-y1)-3-oxoprop-1-enyl)-1H-spiro[[ 1,8 |naphthyridine-3,
4'-piperidin]-2(4H)-one (E68);
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-y1)-3-oxoprop-1-
en-1-y1)-V-methyl-1H-spiro[[ 1,8 |naphthyridine-3,4'-pip-
eridin]-2(4H)-one (E69);
6-((E)-3-0Ox0-3-(3-((E)-1-(propoxyimino ethyl)azetidin-1-
yl)prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E70); and
6-((E)-3-0Ox0-3-(3-((Z)-1-(propoxyimino ethyl)azetidin-1-

yl)prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(ET1);
or a pharmaceutically acceptable salt or solvate thereof.

In a further embodiment, the compound of formula (I) is
selected from 6-{(1E)-3-Ox0-3-[3-(2-thienylmethoxyazeti-
din-1-yl]prop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2
(1H)-one (E12) or a pharmaceutically acceptable salt or sol-
vate thereof.

In a yet further embodiment, the compound of formula (I)
is selected from
(E)-6-(3-(3-(Benzofuran-2-yl)azetidin-1-y1)-3-oxoprop-1-

enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E59); and
(E)-6-(3-(3-(3-Methylbenzofuran-2-yl)azetidin-1-y1)-3-

oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E67);
or a pharmaceutically acceptable salt or solvate thereof.

The compounds of formula (I) and their salts may be pre-
pared by processes known to the skilled chemist to be appli-
cable for preparing chemically related compounds. Such pro-
cesses use known starting materials or intermediates which
may be obtained by standard procedures of organic chemis-
try. The following processes provide a variety of non-limiting
routes for the production of the compounds of formula (I) and
their intermediates used therein. These processes constitute
further aspects of the invention.

According to a further aspect of the invention, there is
provided a process for preparing acompound of formula (I) as
defined above which comprises:

(a) reacting a compound of formula (II):

an
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wherein R3 is as defined above for compounds of formula (1),
with a compound of formula (III):

(I
0

/
x—N

\
A
R2

R1

wherein W, X, R1 and R2 are as defined above for compounds
of formula (I); or
(b) reacting a compound of formula (IV):

av)
(0]

P

1!

wherein R3 is as defined above for compounds of formula (I)
and L' represents a suitable leaving group, such as a halogen
atom, e.g. fluorine, chlorine, bromine or an alkoxy group,
with a compound of formula (III):

(I
i1

/
x—N

\
A
R2

R1

wherein W, X, R1 and R2 are as defined above for compounds
of formula (I); or
(c) reacting a compound of formula (V):

V)
(0]

|

X/N

\
A
R2

R1

wherein W, X, R1 and R2 are as defined above for compounds
of formula (I), with a compound of formula L>-R3, wherein
L? represents a suitable leaving group, such as a halogen
atom, e.g. fluorine, chlorine, bromine or an alkoxy group;
optionally thereafter followed by:

(d) deprotecting a protected derivative of compound (I); and
optionally thereafter followed by:

(e) interconversion of a compound of formula () to a further
compound of formula (I).

Process (a) typically comprises theuse of EDC, a base such
as TEA or DIPEA or DMAP, the optional use of HOBT, and
a solvent such as DMF.

Process (b) typically comprises the use of a base such as
TEA or DIPEA or DMAP, and a solvent such as DCM, THF,
ACN or DMF.

Process (c) typically comprises the use of suitable coupling
conditions known to the one skilled in the art such as the Heck



US 9,051,321 B2

19
coupling (Chem. Rev. 2000, 100, 3009), a non-limiting
example comprises the use of a palladium catalyst, a phos-
phine ligand, a suitable base and solvent.

Process (d) typically comprises any suitable deprotection
reaction, the conditions of which will depend upon the nature
of'the protecting group. In most instances such a deprotection
reaction will typically comprise the use of a suitable acid.

Process (e) typically comprises interconversion proce-
dures known by one skilled in the art. For example, com-
pounds of formula (I) in which R1 or R2 represents hydrogen
may be converted by methods known by one skilled in the art
into compounds of formula (I) in which R1 or R2 represents
CO,R,, COR,, CONR,R,, CH,OR, CH,NRJR,,
SO,NR_R,, wherein R, R, and R are as defined above for
compounds of formula (I).

If appropriate, the reactions previously described in pro-
cesses (a), (b), (¢), (d) or (e) are followed or preceded by one
or more reactions known to the skilled of the art and are
performed in an appropriate order to achieve the requisite
substitutions on W, X, R1, R2 and R3 defined above to afford
other compounds of formula (I). Non-limiting examples of
such reactions whose conditions can be found in the literature
include:

protection of reactive functions,

deprotection of reactive functions,

halogenation,

dehalogenation,

dealkylation,

alkylation of amine, aniline, alcohol and phenol,

Mitsunobu reaction on hydroxyl groups,

cycloaddition reactions on appropriate groups,

reduction of nitro, esters, cyano, aldehydes,

transition metal-catalyzed coupling reactions,

acylation,

sulfonylation/introduction of sulfonyl groups,

saponification/hydrolysis of esters groups,

amidification or transesterification of ester groups,

esterification or amidification of carboxylic groups,

halogen exchange,

nucleophilic substitution with amine, thiol or alcohol,

reductive amination,

oxime formation on carbonyl and hydroxylamine groups,

S-oxidation,

N-oxidation,

salification.

The compounds of formula (11), (IIT), IV), (V) and L>-R3
are either known or may be prepared in accordance with
known procedures such as those described herein.

As illustrated by the examples given below, the hereinbe-
fore disclosed compounds of formula (I) have valuable bio-
logical properties. They are particularly useful as antibacte-
rial agents having a selective spectrum of activity in vitro and
in vivo against bacterial strains relying on Fabl and related
targets. Such strains encompass Staphylococcus aureus
including multiresistant strains (such as methicillin-suscep-
tible Staphylococcus aureus (MSSA), methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-intermediate
Staphylococcus aureus (VISA) and vancomycin-resistant
Staphylococcus aureus (VRSA) strains), Acinetobacter bau-
mannii, Bacillus anthracis, Chlamydophila pneumoniae,
Escherichia coli, Haemophilus influenzae, Helicobacter
pylori, Klebsiella pneumoniae, Neisseria meningitidis and
also bacteria such as Mycobacterium tuberculosis carrying
homologous Fabl enzymes such as InhA or other organisms
such as Plasmodium falciparum. In one embodiment, the
compound of the invention is used in the treatment of Staphy-
lococcus aureus microbial infections including multiresistant
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strains such as methicillin-susceptible Staphylococcus
aureus (MSSA), methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-intermediate Staphylococcus aureus
(VISA) and vancomycin-resistant Staphylococcus aureus
(VRSA) strains.

The compounds of formula (I) are therefore particularly
suitable as active principles of a medicament.

According to a further aspect of the invention, there is
provided a compound of formula (I) as hereinbefore defined
for use in therapy.

According to a further aspect of the invention, there is
provided a pharmaceutical composition comprising a com-
pound of formula (I) as hereinbefore defined, in association
with a pharmaceutically acceptable excipient or carrier.

Said pharmaceutical compositions are advantageously for-
mulated to be administered under oral, topical, parental
including injectable routes, such as intravenous administra-
tion, with individual doses appropriate for the patient to be
treated.

The compositions according to the invention can be solid,
liquid or in the form of a gel/cream and be present in the
pharmaceutical forms commonly used in human medicine,
such as for example, plain or sugar-coated tablets, gelatin
capsules, granules, suppositories, injectable preparations,
ointments, creams, gels; they are prepared according to the
customary methods. The active ingredient/s can be incorpo-
rated using excipients which are customarily used in these
pharmaceutical compositions, such as talc, gum arabic, lac-
tose, starch, magnesium stearate, aqueous or non-aqueous
vehicles, fatty substances of animal or vegetable origin, par-
affin derivatives, glycols, various wetting agents, dispersants
or emulsifiers, preservatives. These compositions can also be
present in the form of a powder intended to be dissolved
extemporaneously in an appropriate vehicle, for example,
non-pyrogenic sterile water.

The dose administered varies according to the condition
treated, the patient in question, the administration route and
the product envisaged. It can, for example, be comprised
between 0.01 g and 10 g per day, by oral route or by intra-
muscular or intravenous route in humans.

Said compositions are particularly useful to treat human or
animal infections by microbial pathogens such as Staphylo-
coccus aureus including multiresistant strains, Acinetobacter
baumannii, Bacillus anthracis, Chlamydophila pneumoniae,
Escherichia coli, Haemophilus influenzae, Helicobacter
pylori, Klebsiella pneumoniae, Neisseria meningitidis, S.
intermedius, P. multocida, B. bronchiseptica, M. haemolytica
and A. pleuropneumoniae. and also bacteria such as Myco-
bacterium tuberculosis or other organisms such as Plasmo-
dium falciparum.

Said compositions can also be useful in multitherapy, in
combination with other medicaments, for example with anti-
biotics. It will be appreciated that such multitherapy may
typically comprise either a composition comprising the com-
pound of formula (I) additionally comprising one or more
other medicaments, such as antibiotics or co-administration
(i.e. sequential or simultaneous administration).

The invention therefore also relates to a method of treat-
ment of microbial infections which comprises administering
to a patient in need thereof an efficient amount of a compound
of formula (I) as hereinbefore defined.

The invention also relates to a compound of formula (I) as
hereinbefore defined for use in the treatment of microbial
infections.

The invention also relates to the use of a compound of
formula (I) as hereinbefore defined in the manufacture of a
medicament for the treatment of microbial infections.
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The invention also relates to a pharmaceutical composition
comprising a compound of formula (I) as hereinbefore
defined for use in the treatment of microbial infections.

EXAMPLES

Proton nuclear magnetic resonance (‘HH NMR) spectra
were recorded on a 400 MHz Briiker instrument, and chemi-
cal shifts are reported in parts per million downfield from the
internal standard tetramethylsilane (TMS). Abbreviations for
NMR data are as follows: s=singlet, d=doublet, t=triplet,
g=quadruplet, m=multiplet, dd=doublet of doublets,
dt=doublet of triplets, br=broad. J indicates the NMR cou-
pling constant measured in Hertz. CDCI; is deuteriochloro-
form, DMSO-d; is hexadeuteriodimethylsulfoxide, and
CD;0OD is tetradeuteriomethanol. Mass spectra were
obtained using electrospray ionization (ESI) techniques on an
Agilent 1100 Series LCMS. Analtech Silica Gel GF and E.
Merck Silica Gel 60 F-254 thin layer plates were used for thin
layer chromatography. Flash chromatography was carried out
on Flashsmart Pack cartridge irregular silica 40-60 um or
spherical silica 20-40 um. Preparative thin layer chromatog-
raphy was carried out on Analtech Silica Gel GF 1000 pm
20%x20 cm.

The meaning of certain abbreviations is given herein. ESI
refers to electrospray ionization, HPLC refers to high pres-
sure liquid chromatography, LCMS refers to liquid chroma-
tography coupled with a mass spectrometer, M in the context
of' mass spectrometry refers to the molecular peak, MS refers
to mass spectrometer, NMR refers to nuclear magnetic reso-
nance, pH refers to potential of hydrogen, TEA refers to
triethylamine, DIPEA refers to N,N-diisopropylethylamine,
HOBt refers to 1-hydroxybenzotriazole, DCM refers to
dichloromethane, EtOAc refers to ethyl acetate, DMF refers
to N,N-dimethylformamide, EDAC refers N-(3-dimethy-
laminopropyl)-N'-ethylcarbodiimide hydrochloride, DMAP
or 4-DMAP refers to 4-(dimethylamino)pyridine, TLC refers
to thin layer chromatography.

The starting materials are commercially available unless
indicated otherwise.

Intermediate 1

(E)-3-(7-O%0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-
yD-acrylic acid hydrochloride (D1)

Step 1: 2-Amino-3-(hydroxymethyl)pyridine

[0}
LAH, THF N OH
\ OH —— = |
r.t. to reflux Lz
z N NI,
N NI,

Lithium aluminum hydride (12.4 g, 326.7 mmol) was por-
tionwisely added to a suspension of 2-amino-3-carboxypyri-
dine (30.0 g, 217.2 mmol) in THF (350 mL.) at 0° C. Once the
addition was completed, the reaction mixture was stirred at
room temperature for 15 minutes and then at reflux overnight.
The mixture was then cooled to 0° C. and hydrolyzed by the
successive addition of water (18 mL), a solution of sodium
hydroxyde (18 mL) and water (30 mL) again. The resulting
white suspension was filtered on Clarcel® and the cake was
washed with THF (200 mL) and a mixture of CHCl;/MeOH
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(250 mL, 9:1). After concentration to dryness of the filtrate,
the title product was obtained as a yellow solid (24.2 g, 90%).
'"HNMR (DMSO-d,, 400 MHz): 8 (ppm): 7.84 (d, J=4 Hz,
1H), 7.37 (d, J=7.2 Hz, 1H), 6.55-6.52 (m, 1H), 5.64 (br s,
NH,), 4.34 (s, 2H).

Step 2:

2-Amino-5-bromo-3-(hydroxymethyl)pyridine

Br

X

F

N OH By, AcOH OH

| — |
P r.t.

N NH; N NH,

Bromine (8.4 mL, 189.4 mmol) was added dropwise over 1
hour to a solution of 2-amino-3-(thydroxymethyl)pyridine
(19.6 g, 157.8 mmol; which may be prepared as described in
D1, Step 1) in acetic acid (350 mL) at room temperature. The
reaction mixture was then stirred overnight. After concentra-
tion to dryness, the residue was partitioned between a satu-
rated solution of potassium carbonate (300 mL) and ethyl
acetate (200 mL). The aqueous layer was separated and
extracted with ethyl acetate (2x200 ml.). The combined
organic phases were washed with a saturated solution of
sodium chloride (200 mL.), dried over sodium sulfate, filtered
and concentrated to dryness. After trituration of the residue in
pentane, the title product was obtained as a yellow solid (27.0
2, 84%).

'H NMR (DMSO-d,, 400 MHz): 8 (ppm): 7.90 (d, J=2.8
Hz, 1H), 7.53 (d, J=2 Hz, 1H), 5.93 (br s, NH,) 5.29 (brs,
OH), 4.31 (s, 2H).

Step 3: 2-Amino-5-bromo-3-(bromomethyl)pyridine

hydrobromide
Br
| A OH  HBr (48% aq.)
_ =
= reflux
N NH,
Br
| \ Br
Z
N NH, HBr
A solution of 2-amino-5-bromo-3-(hydroxymethyl)pyri-

dine (27.0 g, 133.0 mmol; which may be prepared as
describedin D1, Step 2) in hydrobromic acid (48% in H,O, 72
ml.) was stirred at reflux overnight. The reaction mixture was
then concentrated to dryness (toluene was used to azeotrope
the residual H,O). The title product was obtained as pale
brown solid (47.0 g, 100%) which was used in the next step
without further purification.
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'H NMR (DMSO-d,, 400 MHz): § (ppm): 8.1 (d, J=2 Hz,
1H), 7.97 (d, =2 Hz, 1H), 4.41 (s, 2H).

Step 4: 6-Bromo-2-0x0-1,2,3,4-tetrahydro-1H-1,8-
naphthyridine-3-methylcarboxylate

0 0
A
Br
x Br NaOCH;, MeOH
| z r.t.
N NH, HBr
0
Br
| AN O/
P
N N 0
it

Dimethylmalonate (32 mL, 276.7 mmol) was added to a
solution of sodium methoxide (25% in methanol, 63 mlL., 76.1
mmol) in methanol (150 mL) at room temperature. After 45
minutes stirring, 2-amino-5-bromo-3-(bromomethyl)pyri-
dine hydrobromide (24 g, 69.2 mmol; which may be prepared
as described in D1, Step 3) was added to the mixture which
was stirred at room temperature overnight. A large quantity of
water was finally added to the mixture. The formed precipi-
tate was filtered, washed with petroleum ether and dried
under high vacuum to afford the title product as a brown solid

(16.6 g, 84%).
LCMS (ESI-APCI) m/z 285.0-287.0 (M+H)*
Step 5:
6-Bromo-3,4-dihydro-1H-1,8-naphthyridin-2-one

1) NaOH, MeOH

Br. N o e reflux
2) HC, reflux

&
N N (6]
H
Br | SN
F
N N (6]
H

A solution of sodium hydroxide (1N, 248 m[.) was added
to a suspension of 6-bromo-2-0xo0-1,2,3,4-tetrahydro-1H-1,
8-naphthyridine-3-methylcarboxylate (16.6 g, 58.24 mmol;
which may be prepared as described in D1, Step 4) in metha-
nol (620 mL) at room temperature. The reaction mixture was
then refluxed for 4 hours and cooled down to room tempera-
ture. A solution of hydrochloric acid (1N, 248 ml.) was then
added and the mixture was refluxed overnight. The methanol
was removed and the residue filtered. The resulting precipi-
tate was washed with water and dried under high vacuum to
afford the title product as a white solid (7.7 g, 58%).
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LCMS (BSI-APCI) m/z 227.0-229.0 (M+H)*

Step 6: tert-Butyl (E)-3-(7-Oxo0-5,6,7,8-tetrahydro-1,
8-naphthyridin-3-yl)-acrylate

t-butyl acrylate,
Pd(OAc),, P(o-tolyl)s,
DIEA, EtCN, DMF

Br.

x

| 110°C.
Z

N N O
H
e}
*@b/m
Z
N N O
H

tert-Butyl acrylate (31.2 mL, 210 mmol), diisopropylethy-
lamine (19.4 ml, 110 mmol) and P(o-tolyl); (3.2 g, 10.5
mmol) were successively added to a suspension of 6-bromo-
3,4-dihydro-1H-1,8-naphthyridin-2-one (11.9 g, 52.5 mmol;
which may be prepared as described in D1, Step 5) in propi-
onitrile (83 mL) and dimethylformamide (46 mL). The result-
ing mixture was then purged with argon prior to the addition
of palladium acetate (1.2 g, 5.2 mmol). The mixture was
purged with argon again and refluxed overnight. The reaction
mixture was then filtered on Celite®. The filtrate was con-
centrated to dryness and the residue was solubilized in ethyl
acetate (200 mL). The resulting solution was washed with a
saturated solution of sodium chloride (3x100 mL), dried over
sodium sulfate, filtered and concentrated to dryness. The resi-
due was purified by chromatography on silica gel, using
dichloromethane/methanol (98:2) as eluent. After trituration
with Et,O/petroleum ether (1/1), the title product was
obtained as a yellow solid (4.35 g, 40%).

LCMS (ESI-APCI) m/z 275.0 (M+H)*

Step 7: (E)-3-(7-Ox0-5,6,7,8-tetrahydro-1,8-naph-
thyridin-3-yl)-acrylic acid hydrochloride

1) TFA, DCM, r.t
2) HCl/dioxane, r.t.

|

=
N N 0
H
0

HO 7 AN

&
N N 0
H

HCI

Trifluoroacetic acid (31 mL) was added to a suspension of
tert-butyl  (E)-3-(7-Ox0-5,6,7 8-tetrahydro-1,8-naphthyri-
din-3-yl)-acrylate (1.1 g, 3.76 mmol; which may be prepared
as described in D1, Step 6) in dichloromethane (31 mL). The
reaction mixture was stirred at room temperature for 1 hour
and concentrated to dryness. The resulting residue was solu-
bilized in a solution of hydrochloric acid in dioxane (4N, 60
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mL). After 10 minutes stirring at room temperature, the pre-
cipitate was filtered and washed with diethyl ether to afford
the title product as a pale yellow solid (4.5 g, quantitative).

LCMS (ESI-APCI) m/z 219 (M+H)*

'H NMR (DMSO-d,, 400 MHz): & (ppm): 10.68 (br s,
OH), 8.35 (s, 1H), 8.02 (s, 1H), 7.54 (d, J=16.0 Hz, 1H), 6.50
(d, J=16.0 Hz, 1H), 2.90 (t, J=7.6 Hz, 2H), 2.50 (t, J=7.6 Hz,
2H). The triplet CH, at 2.5 ppm is hidden by DMSO.

Intermediate 2
(E)-Ethyl 3-(1'-methyl-2-0x0-2,4-dihydro-1H-spiro
[[1,8]naphthyridine-3,4'-piperidine]-6-yl)acrylate
(D2)

Step 1: 2-Amino-3-(hydroxymethyl)pyridine

[0}
LAH, THF \ OH
\ OH —— |
| r.t. to reflux =
z N NH,
N NI,

A solution of 2.4M lithium aluminum hydride in THF (181
mL g, 434 mmol) was added portionwise to a suspension of
2-amino-3-carboxypyridine (30.0 g, 217 mmol) in THF (350
mL) at 0° C. Once the addition was completed, the reaction
mixture was stirred at room temperature for 15 minutes and
then at reflux overnight. The mixture was then cooled to 0° C.
and hydrolyzed by the successive addition of water (18 mL),
a 1M solution of sodium hydroxide (18 mL) and water (50
mL). The resulting white suspension was stirred for one hour,
filtered over Celite® and the cake was washed with THF (400
ml). After concentration to dryness of the filtrate, the title
product was obtained as a light brown oil (25.1 g, 87%, py
93.1%).

LCMS ny/z 125.0 M+H)"

Step 2:
2-Amino-5-bromo-3-(hydroxymethyl)pyridine

Br.

X

&
N

OH
NH,

Bromine (10.4 mL., 202 mmol) was added dropwise over 1
hour to a solution of 2-amino-3-(hydroxymethyl)pyridine
(25.1 g, 202 mmol) in acetic acid (500 mL) at room tempera-
ture. After complete addition the reaction mixture was stirred
for an extra hour. After concentration to dryness, the residue
was partitioned between 1M Na2CO3 (750 mL) and ethyl
acetate (500 mL). The aqueous layer was separated and
extracted one more time with ethyl acetate (500 mL). The
combined organic phases were washed with a saturated solu-
tion of sodium chloride (500 mL.), dried over sodium sulfate,
filtered and concentrated to dryness. After trituration of the
residue in DCM/heptane and extra washing with DCM the
title product was obtained as a light yellow solid (30.0 g, 70%,
py 97.3%).

LCMS ny/z 203.0 (M+H)"
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Step 3: 2-Amino-5-bromo-3-(bromomethyl)pyridine
hydrobromide

Br.
X OH
| HBr (48% aq.)
/ —_—
N NH, reflux
Br.
| A Br
/
N NH, HBr

A solution of 2-amino-5-bromo-3-(hydroxymethyl)pyri-
dine (34.6 g, 170.0 mmol) in hydrobromic acid (48% in H,O,
93 ml) was stirred at reflux overnight. The reaction mixture
was cooled to room temperature, the precipitated product
filtered and washed with H,O (100 mL) and dried. The title
product was obtained as a light yellow solid (36.1 g, 56%, py
96.5%).

'"HNMR (DMSO-dg, 400 MHz): § (ppm): 8.27 (dd, J=2 Hz
and 6 Hz, 2H), 4.75 (s, 2H).

Step 4: N-Boc ethylisonipecotate

[©) Ov

Boe,0, NEt3, DCM,
r.t.
_ =

=z

Boce

Boc,0 (15.58 g, 71.4 mmol) and triethylamine (10.85 mL,
78 mmol) were successively added to a solution of ethyl
isonipecotate (10.2 g, 64.9 mmol) in dichloromethane (50
ml) at room temperature. The reaction mixture was stirred
overnight. The reaction mixture was diluted by addition of a
saturated solution of ammonium chloride (50 mL). The aque-
ous layer was separated and extracted with dichloromethane
(2x50 mL). The combined organic phases were dried over
sodium sulphate, filtered and concentrated to dryness. The
title product was obtained as a colorless oil (16.1 g, 96%,
py>95%).
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'H NMR (CDCl,, 400 MHz): 8 (ppm): 4.14 (q, J=7 Hz,
2H), 4.02 (br, 2H), 2.83 (m, 2H), 2.44 (m, 1H), 1.87 (m, 2H),
1.62 (m, 2H), 1.45 (s, 9H), 1.25 (t, I=7 Hz, 3H).

Step 5: tert-Butyl 6-bromo-2-0x0-2,4-dihydro-1H-
spiro[[1,8napthyridine-3,4'-piperdine]-1'-carboxy-
late

© O\/
B N
T
| N Br Boce
_—
/ HBr LDA, -78°C. tor.t.
N NH,
Boc
N/
Br
®
P
N N (0]
H

A solution of 1.8 M LDA in THF (1.6 mL, 2.88 mmol) was
added dropwise over 15 minutes to a cold (-78° C.) solution
of 5-bromo-3-(bromomethyl)pyridine-2-amine hydrobro-
mide (1.0 g, 2.88 mmol) in dry THF (10 mL) under argon. The
reaction mixture was stirred for an additional 15 minutes. In
a separate flask, a solution of 1.8 M LDA in THF (4.81 mL,
8.65 mmol) was added dropwise over 30 minutes to a cold
solution of N-Boc ethylisonipecotate (2.23 g, 8.65 mmol) in
dry THF (20 ml). The reaction mixture was stirred for an
additional 30 minutes. The lithium salt of N-Boc ethyl-
isonipecotate was then added via cannula dropwise over 30
minutes to the lithium salt of 5-bromo-3-(bromomethyl)py-
ridine-2-amine. The mixture was stirred at —=78° C. for 2 hours
and allowed to warm to room temperature. The reaction mix-
ture was quenched with a saturated solution of ammonium
chloride (30 mL) and ethyl acetate (30 mL.) was added. The
layers were separated and the organic phase was washed with
water (2x30 mL) and brine (50 mL), dried over sodium sul-
phate, filtered and concentrated to dryness. The residue was
triturated with EtOAc. The title product was obtained as a
white solid (257 mg, 19%, py 85.7%).

LCMS m/z 394 (M=H)~

Step 6: (E)-tert-Butyl 6-(3-tert-butoxy-3-oxoprop-1-
enyl)-2-0x0-2,4-dihydro-1H-spiro[[ 1,8 |naphthyri-
dine-3,4'-piperidine]-1'-carboxylate

tert-Butyl acrylate,
/Boc DIEA, Pd(OAc);, P(o-
N tolyl);, DMF/EtCN,

Br sealed tube, 100° C.

\
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-continued

Tert-Butyl acrylate (3.9 mL, 26.8 mmol), diisopropylethy-
lamine (2.46 mL, 14.1 mmol) and P(o-tolyl), (409 mg, 1.34
mmol) were successively added to a suspension of tert-butyl
6-bromo-2-0x0-2,4-dihydro-1H-spiro[[ 1,8 naphthyridine-3,
4'-piperidine]-1'-carboxylate (2.66 g, 6.7 mmol) in propioni-
trile (107 mL) and dimethylformamide (40 mL) in a sealed
tube. The resulting mixture was then purged with argon prior
to the addition of palladium acetate (151 mg, 0.673 mmol).
The mixture was purged with argon again and refluxed over-
night. The reaction mixture was then filtered on Celite® and
the cake was washed with DCM (50 mL). The filtrate was
concentrated to dryness and the residue was triturated with
dichloromethane. The title product was obtained as a light
grey solid (1.83 g, 61%, py 79.9%).

LCMS m/z 442 (M-H)~

10

15

20

25
Step 7: (E)-3-(2-Ox0-2,4-dihydro-1H-spiro[[1,8]
naphthyridine-3,4'-piperidine|-6-yacrylic acid
hydrochloride

30

TFA, DCM, rt.
HCL, DCM, ..
S
NH HCl
HO 7 x
40 |
Z
N N 0
H

Trifluoroacetic acid (5.5 mL) was added to a suspension of
(E)-3-(2-0%0-2,4-dihydro-1H-spiro[[1,8]|naphthyridine-3,4'-
piperidine]-6-ylacrylic acid hydrochloride (540 mg, 1.21
mmol) in dichloromethane (5.5 mL). The reaction mixture
was stirred at room temperature for 1 hour and concentrated
to dryness. The resulting residue was suspended in a solution
ot hydrochloric acid, 4N in dioxane (11 ml). After 10 minutes
stirring at room temperature, the precipitate was filtered and
triturated with diethyl ether. The title product was obtained as
a white solid (455 mg, 109%, py 98.9%).

LCMS m/z 288 (M+H—HCI)*

45

50

55

Step 8: (E)-3-(1'-Methyl-2-0x0-2,4-dihydro-1H-spiro
[[1,8]naphthyridine-3,4'-piperidine]-6-yl)acrylic acid

paraformaldehyde,
NaBH(OAc)3, DCE,
70° C.
B — .

NH HCI

65
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-continued

Sodium triacetoxyborohydride (671 mg, 3.17 mmol) and
paraformaldehyde (95 mg, 3.17 mmol) were successively
added to a suspension of (E)-3-(2-0x0-2,4-dihydro-1H-spiro
[[1,8]naphthyridine-3,4'-piperidine]-6-yDacrylic acid (455
mg, 1.58 mmol) in 1,2-dichloroethane (40 mL.) at room tem-
perature. The reaction mixture was then heated to 70° C. and
stirred for 2 hours. The reaction mixture was cooled to room
temperature, the precipitated product filtered and washed
with H,O (50 mL.) and MeOH (3x50 mL) and dried. The title
product was obtained as a white solid (319 mg, 66%, py
74.1%).

LCMS m/z 302 (M+H)*

Example 1
6-[(1E)-3-Azetidin-1-yl-3-oxoprop-1-en-1-yl]-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E1)
OH
EDCI, HOBt
o / s Azetidine
| DIPEA, DMF
A
N N (6]
CIH H
O
0 7 N |
x
N N (6]
H
A 16 mL vial flask was successively charged with (2E)-3-

(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic

acid hydrochloride (50 mg, 0.20 mmol), prepared (as in J.
Med. Chem. 2003, 46, 9, 1627-1635) from 6-bromo-3,4-di-
hydro-1,8-naphthyridin-2(1H)-one described in U.S. Pat. No.
4,866,074 (Rorer Pharmaceutical Corp.), DMF (4.8 mL),
HOBt (32 mg, 0.23 mmol), DIPEA (78 uL, 0.47 mmol),
azetidine (16 ul., 0.23 mmol) and EDAC (45 mg, 0.23 mmol).
The reaction mixture was stirred at room temperature over-
night and concentrated to dryness. The residue was purified
twice on preparative TLC (eluent: dichloromethane/MeOH,
95/5) to give the title compound (31 mg, 62%) as a white
solid.

LCMS (ESI+) m/z 258 (M+H)*: 100%.

'HNMR (DMSO-d,, 300 MHz): § (ppm): 10.65 (brs, 1H),
8.40-8.31 (m, 1H), 8.06-7.98 (m, 1H), 7.37 (d, J=15.9 Hz,
1H), 6.68 (d, J=15.9 Hz, 1H), 4.27 (t, I=7.5 Hz, 2H), 3.93 (t.
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J=7.5Hz, 2H), 2.90 (1, J=7.2 Hz, 2H), 2.23 (qt, J=7.5 Hz, 2H).
The other CH, of the naphthyridinone moiety is hidden by
DMSO signal.

Example 2

6-[(1E)-3-Oxo0-3-pyrrolidin-1-ylprop-1-en-1-yl]-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E2)

OH
EDCI, HOBt
o / s Pyrrolidine
| DIPEA, DMF
x>
N g O
CIH
N
0 7 N |
x
N N O
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (50 mg, 0.20 mmol), DMF (4.8 mL),
HOBt (32 mg, 0.23 mmol), DIPEA (78 uL, 0.47 mmol),
pyrrolidine (20 pl., 0.23 mmol) and EDAC (45 mg, 0.23
mmol). The reaction mixture was stirred at room temperature
overnight and concentrated to dryness. The residue was
diluted in dichloromethane and washed with water. The
organic layer was concentrated to dryness and the residue was
purified on preparative TLC (eluent: dichloromethane/
MeOH, 95/5) to give the title compound (33 mg, 62%) as a
white solid.

LCMS (ESI+) m/z 272 (M+H)": 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.64 (brs, 1H),
8.38-8.31 (m, 1H), 8.07-8.01 (m, 1H), 7.42 (d, J=15.3 Hz,
1H), 6.96 (d, I=15.3 Hz, 1H), 3.63 (t, ]=6.8 Hz, 2H), 3.39 (1,
J=6.8 Hz, 2H), 2.91 (1, J=7.2 Hz, 2H), 1.91 (qt, J=6.8 Hz, 2H),
1.81 (qt, J=6.8 Hz, 2H). The other CH, of the naphthyridinone
moiety is hidden by DMSO signal.

Example 3

6-[(1E)-3-Oxo0-3-piperidin-1-ylprop-1-en-1-yl]-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E3)

OH
EDCI, HOBt
o / Z Piperidine
| DIPEA, DMF
A
N N O
CIH H
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-continued
N
o) Z NF |
Y
N N (@]
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (50 mg, 0.20 mmol), DMF (4.8 mL),
HOBt (32 mg, 0.23 mmol), DIPEA (78 uL, 0.47 mmol),
piperidine (23 pl., 0.23 mmol) and EDAC (45 mg, 0.23
mmol). The reaction mixture was stirred at room temperature
overnight and concentrated to dryness. The residue was
diluted in dichloromethane and washed with water. The
organic layer was concentrated to dryness and the residue was
purified on preparative TLC (eluent: dichloromethane/
MeOH, 95/5) to give the title compound (39 mg, 69%) as a
white solid.

LCMS (ESI+) m/z 286 (M+H)*: 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.64 (br s, 1H),
8.39-8.31 (m, 1H), 8.12-8.07 (m, 1H), 7.42 (d, J=15.3 Hz,
1H), 7.24 (d, J=15.3 Hz, 1H), 3.72-3.58 (m, 2H), 3.58-3.46
(m, 2H), 2.91 (t, I=6.9 Hz, 2H), 1.70-1.57 (m, 2H), 1.57-1.42
(m, 4H). The other CH, of the naphthyridinone moiety is
hidden by DMSO signal.

Example 4

6-{(1E)-3-[4-(2-Hydroxyethyl)piperidin-1-y1]-3-
oxoprop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2
(1H)-one (E4)

OH

EDCI, HOBt
|

DIPEA, DMF

CIH

N

0 7 N
A
N N (6]
H
A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (50 mg, 0.20 mmol), DMF (4.8 mL),
HOBt (32 mg, 0.23 mmol), DIPEA (78 uL, 0.47 mmol),
4-piperidineethanol (30 mg, 0.23 mmol) and EDAC (45 mg,
0.23 mmol). The reaction mixture was stirred at room tem-
perature overnight and concentrated to dryness. The residue
was purified on column chromatography (eluent: dichlo-

10

15

20

25

30

40

45

50

55

60

65

32
romethane/MeOH, 95/5) to give a white solid. This solid was
triturated in MeOH, filtered, washed with MeOH and diethyl
ether and dried to give the title compound (35 mg, 55%) as a
white solid.

LCMS (ESI+) m/z 330 (M+H)*: 100%. Two peaks due to
its protonation during the analysis.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.64 (brs, 1H),
8.35-8.32 (m, 1H), 8.11-8.07 (m, 1H), 7.42 (d, J=15.3 Hz,
1H), 7.24 (d, J=15.3 Hz, 1H), 4.52-4.42 (m, 1H), 4.38 (1,
J=5.1 Hz, 1H), 4.32-4.22 (m, 1H), 3.52-3.42 (m, 2H), 3.11-
2.96 (m, 1H), 2.91 (t, J=7.5 Hz, 2H), 2.69-2.57 (m, 1H),
1.81-1.57 (m, 3H), 1.37 (q, J=6.6 Hz, 2H), 1.12-0.93 (m, 2H).
The other CH, is hidden by DMSO signal.

Example 5

6-[(1B)-3-{[4-(4-Fluorophenoxy)methyl|piperidin-1-
yl}-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyri-
din-2(1H)-one (E5)

Step 1: tert-Butyl 4-[(4-fluorophenoxy)methyl|pip-
eridine-1-carboxylate

OH O
6 6 F
N N

A N
K

Mitsunobu
—_—

4-Fluorophenol (0.52 g, 4.64 mmol) and triphenylphos-
phine (1.22 g, 4.64 mmol) were added to a solution of N-boc-
piperidine-4-methanol (500 mg, 2.32 mmol) in anhydrous
THF (12 mL) under nitrogen. The reaction mixture was
cooled to 0° C. and DEAD (670 pL, 3.69 mmol) was added
dropwise. The solution was allowed to warm to room tem-
perature and stirred overnight. The reaction mixture was con-
centrated under reduced pressure then diluted with dichlo-
romethane and filtered. The filtrate was washed three times
with NaOH 0.2N, dried over Na,SO, and concentrated. The
residue was purified on column chromatography (eluent: pen-
tane/EtOAc 95/5) to give the title compound (538 mg, 75%)
as a yellow oil.

'H NMR (DMSO-dg, 300 MHz): § (ppm): 7.17-7.02 (m,
2H), 6.98-6.88 (m, 2H), 4.02-3.88 (m, 2H), 3.79 (d, J=6.3 Hz,
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2H), 2.83-2.60 (m, 2H), 1.96-1.79 (m, 1H), 1.79-1.64 (m,
2H), 1.39 (s, 9H), 1.23-1.04 (m, 2H).

Step 2: 4-[(4-Fluorophenoxy)methyl]piperidine

hydrochloride
o

' Helam

—_—

N
o
F
cn H

To a cooled solution of tert-butyl 4-[(4-fluorophenoxy)
methyl]|piperidine-1-carboxylate (538 mg, 1.74 mmol; which
may be prepared as described in Step 1) in dichloromethane
(11.5 mL) was added dropwise HCI 4N in dioxane (8.5 mL)).
The solution was warmed to room temperature and stirred for
1 h. The solvent was evaporated under reduced pressure to
give the title compound (416 mg, 97%) as a white solid.

'H NMR (DMSO-dg, 300 MHz): 3(ppm): 9.12-8.88 (m,
1H), 8.80-8.56 (m, 1H), 7.17-7.02 (m, 2H), 7.01-6.86 (m,
2H), 3.82 (d, J=6.6 Hz, 2H), 3.32-3.21 (m, 2H), 2.97-2.78 (m,
2H), 2.10-1.95 (m, 1H), 1.94-1.81 (m, 2H), 1.58-1.37 (m,
2H).

Step 3: 6-[(1E)-3-{[4-(4-Fluorophenoxy)methyl]

piperidin-1-yl}-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,
8-naphthyridin-2(1H)-one

OH

EDCI

—_— =
DIPEA, DMF
N g (@]
CIH

F

o) a4
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A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 4-[(4-
fluorophenoxy)methyl|piperidine hydrochloride (34 mg,
0.14 mmol; which may be prepared as described in Step 2),
DIPEA (48 uL, 0.28 mmol) and EDAC (27 mg, 0.14 mmol).
The reaction mixture was stirred at room temperature over-
night and concentrated to dryness. The residue was purified
on preparative TLC (eluent: dichloromethane/NH; 7N in
MeOH, 2.5%) to give a pale yellow solid. This solid was
triturated in acetone, filtered, washed with acetone and
diethyl ether then dried to give the title compound (22 mg,
45%) as a white solid.

LCMS (ESI+) m/z 410 (M+H)": 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.64 (brs, 1H),
8.40-8.25 (m, 1H), 8.16-8.04 (m, 1H), 7.44 (d, J=15.3 Hz,
1H), 7.26 (d, J=15.3 Hz, 1H), 7.18-7.05 (m, 2H), 7.02-6.85
(m, 2H), 4.60-4.25 (m, 2H), 3.90-3.73 (m, 2H), 3.16-3.01 (m,
1H), 2.98-2.80 (m, 2H), 2.77-2.60 (m, 1H), 2.13-1.93 (m,
1H), 1.91-1.70 (m, 2H), 1.34-1.05 (m, 2H). The CH, missing
is hidden by DMSO signal.

Example 6

6-[(1E)-3-Ox0-3-(3-phenoxyazetidin-1-yl)prop-1-en-
1-y1]-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E6)

Step 1: 1-(Diphenylmethyl)azetidin-3-yl
methanesulfonate

O
(}OH .
e
O
&R

A 100 mL. flask was charged with 1-diphenylmethylazeti-
din-3-01 (1.5 g, 6.27 mmol) and pyridine (15 mL). The solu-
tion was cooled to -20° C. and methane sulfonyl chloride
(0.73 mL, 9.4 mmol) was added dropwise. The reaction mix-
ture was stirred at —20° C. for 1 h and then left 3 days at 4° C.
The solution was poured on ice and the resulting precipitate
was filtered, washed 3 times with H,O and 3 times with
pentane. The solid was dried under reduced pressure to give
the title compound (1.92 g, 96%) as a white solid.
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'H NMR (DMSO-d,, 300 MHz): & (ppm): 7.44-7.03 (m,
10H), 5.16-4.96 (m, 1H), 4.59-4.42 (m, 1H), 3.61-3.21 (m,
4H), 3.18 (s, 3H).

Step 2: 1-(Diphenylmethyl)-3-phenoxyazetidine

alkylatlon

:w

To a cooled solution of phenol (149 mg, 1.58 mmol) in
DMF (3.9 mL), NaH (60% in oil, 95 mg, 2.37 mmol) was
added portionwise and the suspension was stirred at 0° C. for
15 min. 1-(Diphenylmethyl)azetidin-3-yl methanesulfonate
(500 mg, 1.58 mmol; which may be prepared as described in
Step 1) was then added and the reaction mixture stirred at 80°
C. overnight and concentrated under reduced pressure. The
residue was purified on column chromatography (eluent: pen-
tane/EtOAc 98/2 to 95/5) to give the title compound (332 mg,
67%) as a light yellow solid.

'H NMR (DMSO-d6, 300 MHz): 8 (ppm): 7.49-7.34 (m,
3H), 7.32-7.07 (m, 9H), 6.96-6.87 (m, 1H), 6.85-6.72 (m,
2H), 4.88-4.75 (m, 1H), 4.51 (br s, 1H), 3.66-3.58 (m, 2H),
3.00-2.92 (m, 2H).

&\

Step 3: 3-Phenoxyazetidine hydrochloride

>
)

HN<}O
CIH

A 50 mL flask was charged with 1-(diphenylmethyl)-3-
phenoxyazetidine (328 mg, 1.04 mmol; which may be pre-
pared as described in Step 2) and 1,2-dichloroethane (4.6
mL). 1-Chloroethyl chloroformate (164 pl., 1.35 mmol) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
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After cooling to room temperature, MeOH (4.6 mL) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
The reaction mixture was concentrated to dryness. The crude
product was triturated in pentane to give the title compound
(204 mg, quantitative) as pale yellow crystals. This product
was used in the next step without further purification.

'"H NMR (DMSO-d,, 300 MHz): 8 (ppm): 9.70-9.38 (m,
2H), 7.29-7.18 (m, 2H), 7.08-6.93 (m, 1H), 6.90-6.78 (m,
2H), 5.13-4.98 (m, 1H), 4.51-4.29 (m, 2H), 4.04-3.80 (m,
2H).

Step 4: 6-[(1E)-3-Ox0-3-(3-phenoxyazetidin-1-yl)
prop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-

one
OH
Y 7 N | EDCI
—_—
\ DIPEA, DMF
N N 0
CIH
0
N
o Y |
A
N N 0
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 3-phe-
noxyazetidine hydrochloride (26 mg, 0.14 mmol; which may
be prepared as described in Step 3), DIPEA (48 uL, 0.28
mmol) and EDAC (27 mg, 0.14 mmol). The reaction mixture
was stirred at room temperature overnight and concentrated
to dryness. The residue was purified on preparative TLC
(eluent: dichloromethane/NH, 7N in MeOH, 2.5%) to give a
pale yellow solid. This solid was triturated in acetone, filtered,
washed with acetone and diethyl ether then dried to give the
title compound (15 mg, 36%) as a white solid.

LCMS (ESI+) m/z 350 (M+H)*: 100%.

'HINMR (DMSO-d,, 300 MHz): 8 (ppm): 10.66 (brs, 1H),
8.37-8.29 (m, 1H), 8.05-7.98 (m, 1H), 7.42 (d, J=15.8 Hz,
1H), 7.37-7.25 (m, 2H), 7.04-6.94 (m, 1H), 6.91-6.82 (m,
2H), 6.76 (d, J=15.8 Hz, 1H), 5.14-5.03 (m, 1H), 4.79-4.67
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(m, 1H), 4.47-4.37 (m, 1H), 4.26-4.15 (m, 1H), 3.95-3.84 (m,
1H), 2.95-2.80 (m, 2H). The CH, missing is hidden by the
DMSO signal.

Example 7

6-[(1E)-3-Ox0-3-(2-phenylpyrrolidin-1-yl)prop-1-
en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-one

E7)
OH
O At | EDCI
_— =
\ DIPEA, DMF
N N 0
CIH
N
o) v |
™
N N 0
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 2-phe-
nylpyrrolidine (21 mg, 0.14 mmol), DIPEA (48 pL, 0.28
mmol) and EDAC (27 mg, 0.14 mmol). The reaction mixture
was stirred at room temperature and concentrated to dryness.
LC/MS showed the presence of the target compound and no
starting material after 24 h. The residue was purified on pre-
parative TLC (eluent: dichloromethane/NH, 7N in MeOH,
2.5%) to give a pale yellow solid. This solid as triturated in
acetone, filtered, washed with acetone and dried to give the
title compound (7 mg, 17%) as a white solid.

LCMS (ESI+) m/z 348 (M+H)*: 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.73-10.49 (m,
1H), 8.41-8.35 (m, 0.5H), 8.19-8.05 (m, 1H), 7.66-7.56 (m,
0.5H), 7.48-7.00 (m, 6.5H), 6.58 (d, J=15.3 Hz, 0.5H), 5.46-
5.09 (m, 1H), 4.05-3.55 (m, 2H), 2.99-2.77 (m, 2H), 2.01-
1.61 (m, 4H). The other CH, is hidden by DMSO signal.

Example 8

6-[(1E)-3-Oxo0-3-(4-propylpiperidin-1-yl)prop-1-en-
1-y1]-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E8)

OH
O it | EDCI
_— =
& DIPEA, DMF
N N 0
H

CIH
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-continued
N
o a2 |
A
N N (@]
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 4-N-
propylpiperidine (18 mg, 0.14 mmol), DIPEA (48 uL, 0.28
mmol) and EDAC (27 mg, 0.14 mmol). The reaction mixture
was stirred at room temperature overnight and concentrated
to dryness. LC/MS showed the presence of the target com-
pound and no starting material after 24 h. The residue was
purified on preparative TLC (eluent: dichloromethane/NH,
7N in MeOH, 2.5%) to give a white solid. This solid was
triturated in acetone, filtered, washed with acetone and
diethyl ether to give the title compound (15 mg, 38%) as a
white solid.

LCMS (ESI+) m/z 328 (M+H)": 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.64 (brs, 1H),
8.40-8.27 (m, 1H), 8.14-8.02 (m, 1H), 7.42 (d, J=15.3 Hz,
1H), 7.23 (d, J=15.3 Hz, 1H), 4.55-4.15 (m, 2H), 3.10-2.97
(m, 1H), 2.96-2.81 (m, 2H), 1.80-1.62 (m, 2H), 1.60-1.40 (m,
1H), 1.39-1.11 (m, 4H), 1.07-0.91 (m, 1H), 0.87 (t,J=7.2 Hz,
3H). The 2 CH, missing are hidden by the DMSO signal.

Example 9

6-[(1B)-3-{[3-(4-Fluorophenoxy)methyl|piperidin-1-
yl}-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,8-naphthyri-
din-2(1H)-one (E9)

Step 1: tert-Butyl 3-[(4-fluorophenoxy)methyl|pip-
eridine-1-carboxylate

>

O (6]

Mitsunobu
_—

N

oW
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-continued

4-Fluorophenol (520 mg, 4.64 mmol) and triphenylphos-
phine (1.22 g, 4.64 mmol) were added to a solution of N-boc-
piperidine-3-methanol (500 mg, 2.32 mmol) in anhydrous
THF (12 mL) under nitrogen. The reaction mixture was
cooled to 0° C. and DEAD (673 plL, 3.71 mmol) was added
dropwise. The solution was allowed to warm to room tem-
perature and stirred overnight. The reaction mixture was con-
centrated under reduced pressure then diluted with dichlo-
romethane and filtered. The filtrate was washed three times
with NaOH 0.2N, dried over Na,SO, and concentrated. The
residue was purified on column chromatography (eluent: pen-
tane/EtOAc 95/5) to give the title compound (300 mg, 42%)
as a yellow oil.

'H NMR (DMSO-d,, 300 MHz): & (ppm): 7.18-7.03 (m,

2H), 7.01-6.87 (m, 2H), 4.09-3.55 (m, 4H), 3.02-2.76 (m,
1H), 1.95-1.52 (m, 3H), 1.49-1.19 (m, 12H).
Step 2: 3-[(4-Fluorophenoxy)methyl]piperidine
hydrochloride
XYO
N
R —
[j\/o
F
H CIH
N
[J\/O
F

To a cooled solution of tert-butyl 3-[(4-fluorophenoxy)
methyl]piperidine-1-carboxylate (300 mg, 1.03 mmol; which
may be prepared as described in Step 1) in dichloromethane
(6.8 mL)) was added dropwise HCI 4N in dioxane (5.0 mL).
The solution was warmed to room temperature and stirred for
1 h. The solvent was evaporated under reduced pressure to
give the title compound (267 mg, quantitative) as a white
solid.
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The product was used in the next step without further
analysis.

Step 3: 6-[(1B)-3-{[3-(4-Fluorophenoxy)methyl]
piperidin-1-y1}-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,
8-naphthyridin-2(1H)-one

OH
O 7 N EDCI
_— -
\ DIPEA, DMF
N N 0
CIH

Sk

N

0 //|
Y

N N (6]
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 3-[(4-
fluorophenoxy)methyl|piperidine hydrochloride (35 mg,
0.14 mmol; which may be prepared as described in Step 2),
DIPEA (48 uL, 0.28 mmol) and EDAC (27 mg, 0.14 mmol).
The reaction mixture was stirred at room temperature over-
night and concentrated to dryness. The residue was purified
on preparative TLC (eluent: dichloromethane/NH; 7N in
MeOH, 2.5%) to give a pale yellow solid. This solid was
triturated in methanol, filtered, washed with methanol and
diethyl ether then dried to give the title compound (23 mg,
47%) as a white solid.

LCMS (BSI+) m/z 410 (M+H)*: 100%.

'HINMR (DMSO-d,, 300 MHz): & (ppm): 10.64 (brs, 1H),
8.38-8.22 (m, 1H), 8.15-7.87 (m, 1H), 7.53-6.84 (m, 6H),
4.60-3.95 (m, 2H), 3.95-3.73 (m, 2H), 3.20-2.98 (m, 1H),
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2.98-2.78 (m, 2H), 2.77-2.58 (m, 1H), 2.00-1.58 (m, 3H),
1.56-1.26 (m, 2H). The CH, missing is hidden by the DMSO
signal.

Example 10
6-[(1E)-3-Ox0-3-(3-phenoxypyrrolidin-1-yl)prop-1-
en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-one
(E10)

Step 1: tert-Butyl
3-hydroxypyrrolidine-1-carboxylate

T
T

pdan)

 ——

OH

OH

To a solution of 3-pyrrolidinol (1.82 g, 20.87 mmol) and
triethylamine (6.4 mL, 45.92 mmol) in dichloromethane (104
ml.) was added di-tert-butyldicarbonate (5.01 g, 22.96 mmol)
in portions at 5° C. After stirring at room temperature for 16
h the reaction mixture was washed with HCI 0.1N, saturated
NaHCO; solution and brine then dried over Na,SO,. The
combined organic layers were concentrated under reduced
pressure to give the title compound (3.78 g, 97%) as a dark
orange oil.

'"H NMR (DMSO-d, 300 MHz): 8 (ppm): 4.95-4.84 (m,
1H), 4.30-4.13 (m, 1H), 3.35-3.01 (m, 4H), 1.92-1.64 (m,
2H), 1.39 (s, 9H).

Step 2: tert-Butyl
3-phenoxypyrrolidine-1-carboxylate

O (0]
Mitsunobu
—_—
Q
OH

Phenol (503 mg, 5.34 mmol) and triphenylphosphine (1.40
g, 5.34 mmol) were added to a solution of tert-butyl 3-hy-
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droxypyrrolidine-1-carboxylate (500 mg, 2.67 mmol; which
may be prepared as described in Step 1) in anhydrous THF
(13 mL) under nitrogen. The reaction mixture was cooled to
0° C. and DEAD (775 uL, 4.27 mmol) was added dropwise.
The solution was allowed to warm to room temperature and
stirred overnight. The reaction mixture was concentrated
under reduced pressure then diluted with dichloromethane
and filtered. The filtrate was washed three times with NaOH
0.2N and brine, dried over Na,SO, then concentrated. The
residue was purified on column chromatography (eluent: pen-
tane EtOAc 9/1) to give the title compound (175 mg, 25%) as
a yellow oil.

'H NMR (DMSO-dg, 300 MHz): § (ppm): 7.37-7.21 (m,
2H), 7.03-6.85 (m, 3H), 5.08-4.92 (m, 1H), 3.60-3.32 (m,
4H), 2.19-1.93 (m, 2H), 1.47-1.27 (m, 9H).

Step 3: 3-Phenoxypyrrolidine hydrochloride

CIH
H

o

ou
SV IR

To a cooled solution of tert-butyl 3-phenoxypyrrolidine-1-
carboxylate (172 mg, 0.65 mmol; which may be prepared as
described in Step 2) in dichloromethane (4.3 mL) was added
dropwise HC1 4N in dioxane (3.2 mL). The solution was
warmed to room temperature and stirred for 1 h. The solvent
was evaporated under reduced pressure to give the title com-
pound (135 mg, quantitative) as an orange oil.

'"H NMR (DMSO-d,, 300 MHz): 8 (ppm): 9.77-9.58 (m,
1H), 9.57-9.38 (m, 1H), 7.37-7.26 (m, 2H), 7.03-6.90 (m,
3H), 5.18-5.09 (m, 1H), 3.59-3.07 (m, 4H), 2.27-2.03 (m,
2H).

Step 4: 6-[(1E)-3-Ox0-3-(3-phenoxypyrrolidin-1-yl)
prop-1-en-1-yl]-3,4-dihydro-1,8-naphthyridin-2(1H)-

one
OH
0O Z N | EDCI
_—
N DIPEA, DMF
N N 0
CIH
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N
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A
N N @]
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A 16 mL vial flask was successively charged with (2E)-3-

(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic

acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 3-phe-
noxypyrrolidine hydrochloride (28 mg, 0.14 mmol; which
may be prepared as described in Step 3), DIPEA (48 ul, 0.28
mmol) and EDAC (27 mg, 0.14 mmol). The reaction mixture
was stirred at room temperature overnight and concentrated
to dryness. The residue was purified on preparative TLC
(eluent: dichloromethane/NH; 7N in MeOH, 2.5%) to give a
pale yellow solid. This solid was triturated in methanol, fil-
tered, washed with methanol, acetone and diethyl ether then
dried to give the title compound (30 mg, 68%) as a white
solid.

LCMS (ESI+) m/z 364 (M+H)*: 100%.

"HNMR (DMSO- 4, 300 MHz): 3 (ppm): 10.74-10.61 (m,
1H), 8.42-8.29 (m, 1H), 8.14-8.00 (m, 1H), 7.46 (d, J=15.6
Hz, 1H),7.37-7.21 (m, 2H), 7.11-6.81 (m, 4H), 5.22-5.02 (m,
1H), 4.03-3.47 (m, 4H), 3.00-2.78 (m, 2H), 2.37-1.99 (m,
2H). The CH, missing is hidden by the DMSO signal.

Example 11

6-{(1E)-3-[3-(5-Methyl-1,2 4-oxadiazol-3-yl Jazeti-
din-1-yl]-3-oxoprop-1-en-1-y1}-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E11)

Step 1: Azetidine-3-carbonitrile hydrochloride

:7
<>;
O

cm =N

A 50 mL flask was charged with 1-benzhydrylazetane-3-
carbonitrile (500 mg, 2.01 mmol) and 1,2-dichloroethane (8.9
mL). 1-chloroethyl chloroformate (285 pl, 2.61 mmol) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
After cooling to room temperature, methanol (8.9 mlL) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
The reaction mixture was concentrated to dryness. The crude
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mixture was triturated in pentane to give a dark solid (250 mg,
quantitative) which was used without further purification.

Step 2: tert-Butyl 3-cyanoazetidine-1-carboxylate

=N —»

CIH
O,

>YO>LN%N

To a solution of azetidine-3-carbonitrile hydrochloride
(250 mg, 2.01 mmol theoretical; which may be prepared as
described in Step 1) and triethylamine (1.12 mL., 8.04 mmol)
in dichloromethane (10.2 mL) was added di-tert-butyldicar-
bonate (482 mg, 2.21 mmol) portionwise at 5° C. After stir-
ring at room temperature for 16 h, the reaction mixture was
washed with HC10.5N and brine then dried over Na,SO,. The
solvent was removed under reduced pressure and the crude
mixture purified on column chromatography (eluent: Pen-
tane/EtOAc 95/5 to 4/1) to give the compound (190 mg, 52%)
as a clear oil.

'H1 NMR (CDCls, 300 MHz): § (ppm): 4.29-4.05 (m, 4),
3.48-3.29 (m, 1H), 1.4 (s, 9H).

Step 3: tert-Butyl 3-[(Z)-amino(hydroxyimino)me-
thyl]azetidine-1-carboxylate

Xy% .

Uacad

Ina 16 mL vial, tert-butyl 3-cyanoazetidine-1-carboxylate
(190 mg, 1.04 mmol; which may be prepared as described in
Step 2) was dissolved in ethanol (2.9 mL), then hydroxy-
lamine hydrochloride (101 mg, 1.46 mmol) and triethylamine
(247 L, 1.77 mmol) were added. The reaction mixture was
stirred at reflux for 3 h, cooled and concentrated. The residue
was taken up in EtOAc and water, the aqueous layer extracted
with EtOAc, dried over Na,SO, and concentrated to give the
product as a white solid (170 mg, 76%).
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'H NMR (DMSO-d,, 300 MHz) 8 (ppm): 9.10 (s, 1H),
5.54-5.43 (br s, 2H), 4.00-3.78 (m, 4H), 3.23-3.08 (m, 1H),
1.37 (s, 9H).

Step 4: tert-Butyl 3-(5-methyl-1,2,4-oxadiazol-3-yl)
azetidine-1-carboxylate

(@) N—OH
><o>;N /NHZ T
0 Neel
>Y(>;NQ_</NJ\

In a 16 mL vial, tert-butyl 3-[(Z)-amino(hydroxyimino)
methyl]azetidine-1-carboxylate (170 mg, 0.74 mmol; which
may be prepared as described in Step 3) was dissolved in
acetonitrile (7.4 mL) and cooled to 0° C. under nitrogen.
DIPEA (387 uL, 2.22 mmol) and acetyl chloride (105 pL,
1.48 mmol) were added dropwise and the reaction mixture
was allowed to warm to room temperature then heated to 80°
C. overnight, cooled and concentrated. The residue was taken
up in EtOAc and water, the aqueous layer extracted with
EtOAc, dried over Na,SO,, and concentrated. The residue was
taken up in o-xylene (8.4 mL) and heated to 150° C. for 2 h
and concentrated. The crude mixture was purified on column
chromatography (eluent: Pentane/EtOAc 7/3) to give the title
compound (97 mg, 55%) as an oil.

'H NMR (DMSO-d,, 300 MHz): § (ppm): 4.30-4.13 (m,
2H), 4.03-3.84 (m, 3H), 2.59 (s, 3H), 1.39 (s, 9H).

Step 5: 3-Azetidin-3-yl-5-methyl-1,2.4-oxadiazole
hydrochloride

\ O~

N
~0
HN 4
ClH -
N

To a cooled solution of tert-butyl 3-(5-methyl-1,2,4-oxa-
diazol-3-yl)azetidine-1-carboxylate (97 mg, 0.41 mmol;
which may be prepared as described in Step 4) in dichlo-
romethane was added dropwise HCI 4N in dioxane (2.0 mL).
The solution was warmed to room temperature and stirred for
1 h. The solvent was evaporated under reduced pressure to
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give the title compound (101 mg, quantitative) as a white
solid. The product was used in the next step without further
analysis.

Step 6: 6-{(1E)-3-[3-(5-Methyl-1,2,4-oxadiazol-3-
yl)azetidin-1-yl]-3-oxoprop-1-en-1-y1}-3 4-dihydro-
1,8-naphthyridin-2(1H)-one

OH
O 7z N | EDCI
_— -
S DIPEA, DMF
N N 0
CIH
o—<
o\
X
N
o) 7 N |
™
N N 0
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 3-aze-
tidin-3-yl-5-methyl-1,2,4-oxadiazole hydrochloride (25 mg,
0.14 mmol; which may be prepared as described in Step 5),
DIPEA (48 uL, 0.28 mmol) and EDAC (27 mg, 0.14 mmol).
The reaction mixture was stirred at room temperature over-
night and concentrated to dryness. The residue was purified
on preparative TLC (eluent: dichloromethane/NH; 7N in
MeOH, 2.5%) to give a white solid. This solid was triturated
in acetone and diethyl ether, filtered, washed with acetone and
diethyl ether then dried to give the title compound (23 mg,
56%) as a white solid.

LCMS (ESI+) m/z 340 (M+H)": 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.67 (brs, 1H),
8.41-8.30 (m, 1H), 8.07-7.98 (m, 1H), 7.43 (d, J=15.8 Hz,
1H), 6.75 (d, J=15.8 Hz, 1H), 4.75-4.62 (m, 1H), 4.48-4.25
(m, 2H), 4.16-3.95 (m, 2H), 2.96-2.81 (m, 2H), 2.60 (s, 3H).
The CH, missing is hidden by the DMSO signal.

Example 12
6-{(1E)-3-Ox0-3-[3-(2-thienylmethoxy)azetidin-1-
yl]prop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2

(1H)-one (E12)

Step 1: 2-(Chloromethyl)thiophene

S S

@/\0}1 — @/\a
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In a 15 mL flask, thiophene-2-methanol (332 pl, 3.50
mmol) was dissolved in tetrahydrofuran (2 mL) and cooled at
0° C. under nitrogen. Thionyl chloride (305 pL, 4.20 mmol)
was added dropwise and the reaction mixture was allowed to
warm to room temperature and heated at 50° C. for 2 h. The
crude mixture was concentrated under reduced pressure to
give a dark oil (480 mg, quantitative). The product was used
in the next step without further purification.

'"HNMR (CDCls, 300 MHz): 8 (ppm): 7.36-7.30 (m, 1H),
7.11-7.04 (m, 1H), 6.99-6.93 (m, 1H), 4.82 (s, 2H).

Step 2:
1-(Diphenylmethyl)-3-(2-thienylmethoxy)azetidine

H@N U,
@,

To a solution of 1-diphenylmethylazetidin-3-ol (359 mg,
1.5 mmol) in DMF (1 mL) at 0° C. under nitrogen was added
NaH (60% in oil, 66 mg, 1.65 mmol). The suspension was
stirred for 0.5 h at 0° C. then treated with 2-(chloromethyl)
thiophene (464 mg, 3.5 mmol; which may be prepared as
described in Step 1) dissolved in DMF (2 mL).

The mixture was allowed to warm to room temperature
then heated at 80° C. overnight. The reaction mixture was
cooled, acetic acid (2 drops) was added and the mixture
concentrated under reduced pressure. The crude material was
purified on column chromatography (eluent: Pentane/EtOAc,
9/1to 7/3) to give the product (204 mg, 41%) as an orange oil.

'H NMR (DMSO-d,, 300 MHz): § (ppm): 7.50-7.46 (m,
1H), 7.43-7.36 (m, 4H), 7.29-7.21 (m, 4H), 7.20-7.12 (m,
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2H), 7.06-7.02 (m, 1H), 6.99-6.94 (m, 1H), 4.62-4.48 (m,
2H), 439 (br s, 1H), 4.23-4.12 (m, 1H), 3.36-3.27 (m, 2H),
2.80-2.70 (m, 2H).

Step 3: 3-(2-Thienylmethoxy)azetidine
hydrochloride

e
O

O{>NH CIH

A 50 mL flask was charged with 1-(diphenylmethyl)-3-(2-
thienylmethoxy)azetidine (204 mg, 0.61 mmol; which may
be prepared as described in Step 2) and 1,2-dichloroethane
(2.7 mL). 1-Chloroethyl chloroformate (86 pL., 0.79 mmol)
was added and the reaction mixture was stirred at 70° C. for
1.5 h. After cooling to room temperature, methanol (2.7 mL.)
was added and the reaction mixture was stirred at 70° C. for
1.5 h. The reaction mixture was concentrated to dryness. The
crude mixture was triturated in pentane to give a dark wax
(140 mg, quantitative) which was used without further puri-
fication.

'"H NMR (DMSO-d,, 300 MHz): 8 (ppm): 9.21-8.85 (m,
2H), 7.62-7.52 (m, 1H), 7.16-7.08 (m, 1H), 7.04-6.97 (m,
1H), 4.67 (s, 2H), 4.51-4.39 (m, 1H), 4.13-3.96 (m, 2H),
3.84-3.68 (m, 2H).

Step 4: 6-{(1E)-3-Ox0-3-[3-(2-thienylmethoxy)aze-
tidin-1-yl]prop-1-en-1-y1}-3,4-dihydro-1,8-naphthy-

ridin-2(1H)-one
OH
o Z N | EDCI
—_—
™ DIPEA, DMF
N g O
CIH
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N
(@]
N
19) a4 |
A
N N (@]
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 3-(2-
thienylmethoxy)azetidine hydrochloride (29 mg, 0.14 mmol;
which may be prepared as described in Step 3), DIPEA (48
ul, 0.28 mmol) and EDAC (27 mg, 0.14 mmol). The reaction
mixture was stirred at room temperature overnight and con-
centrated to dryness. The residue was purified on preparative
TLC (eluent: dichloromethane/NH; 7N in MeOH, 2.5%) to
give a brown solid. This solid was triturated in acetone and
diethyl ether, filtered, washed with diethyl ether then dried to
give the title compound (8 mg, 18%) as a pale brown solid.

LCMS (ESI+) m/z 370 (M+H)*: 100%.

'HNMR (DMSO-d,, 300 MHz): § (ppm): 10.66 (br s, 1H),
8.39-8.30 (m, 1H), 8.04-7.98 (m, 1H), 7.58-7.51 (m, 1H),
7.39 (d, I=15.6 Hz, 1H), 7.15-7.07 (m, 1H), 7.04-6.98 (m,
1H), 6.70(d, J=15.6 Hz, 1H), 4.67 (s, 2H), 4.51-4.39 (m, 2H),
4.18-4.05 (m, 2H), 3.77-3.68 (m, 1H), 2.95-2.85 (m, 2H). The
CH,, missing is hidden by the DMSO signal.

Example 13

6-{(1E)-3-[2-(5-Methyl-1,2 4-oxadiazol-3-yl)piperi-
din-1-yl]-3-oxoprop-1-en-1-y1}-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E13)

Step 1: tert-Butyl 2-[(Z)-amino(hydroxyimino)me-
thyl]piperidine-1-carboxylate

HO

\
N N
\\ H,N 74
O, _— O,
>—N >—N
>§O >§O
In a 16 mL vial, N-boc-2-cyanopiperidine (500 mg, 2.38
mmol) was dissolved in ethanol (6.7 mL), then hydroxy-
lamine hydrochloride (231 mg, 3.33 mmol) and triethylamine
(0.56 mL, 4.05 mmol) were added. The reaction mixture was
stirred at reflux for 5 h, cooled and concentrated. The residue

was taken up in EtOAc and water. The two layers were sepa-
rated and the aqueous phase extracted with EtOAc. The com-
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bined organics were dried on Na,SO, and concentrated to
give the product as a white solid (550 mg, 95%).

'H NMR (DMSO-d, 300 MHz): § (ppm): 9.16 (s, 1H),
5.19 (br s, 2H), 4.71-4.57 (m, 1H), 3.87-3.70 (m, 1H), 3.07-
2.89 (m, 1H), 2.11-1.89 (m, 1H), 1.62-1.36 (m, SH), 1.38 (s,
9H).

Step 2: tert-Butyl 2-(5-methyl-1,2,4-oxadiazol-3-yl)
piperidine-1-carboxylate
HO

I ¥
X}@ a XOQQ

In a 16 mL vial, tert-butyl 2-[(Z)-amino(hydroxyimino)
methyl|piperidine-1-carboxylate (150 mg, 0.62 mmol; which
may be prepared as described in Step 1) was dissolved in
acetonitrile (6.2 mL) and cooled at 0° C. under nitrogen.
DIPEA (324 ulL, 1.86 mmol) and acetyl chloride (88 uL, 1.24
mmol) were added dropwise and the reaction mixture was
allowed to warm to room temperature then heated to 100° C.
for 4 h, cooled and concentrated. The residue was taken up in
EtOAc and water. The two layers were separated and the
aqueous phase extracted with EtOAc. The combined organics
were dried on Na,SO, and concentrated. The residue was
taken up in o-xylene (7 mL) and heated to 150° C. for 3 h then
concentrated. The crude mixture was purified on column
chromatography (eluent: Pentane/EtOAc 7/3) to give the
product (55 mg, 33%) as a yellow oil.

'"H NMR (DMSO-d,, 300 MHz): 8 (ppm): 5.38-5.26 (m,
1H), 3.95-3.81 (m, 1H), 2.99-2.76 (m, 1H), 2.57 (s, 3H),
2.17-2.05 (m, 1H), 1.87-1.68 (m, 1H), 1.66-1.52 (m, 2H),
1.45-1.20 (m, 11H).

Step 3: 2-(5-Methyl-1,2,4-oxadiazol-3-yl)piperidine
hydrochloride

O. O,
\( \/N \( \/N
N N
O E—
CIH
: >\-—N HN
O
To a cooled solution of tert-butyl 2-(5-methyl-1,2,4-oxa-
diazol-3-yl)piperidine-1-carboxylate (55 mg, 0.21 mmol;
which may be prepared as described in Step 2) in dichlo-
romethane (1.7 mL) was added dropwise HC1 4N in dioxane
(1.3 mL). The solution was warmed to room temperature and
stirred for 2 h. The solvent was evaporated under reduced

pressure to give the title compound (47 mg, quantitative) as a
white powder.
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'H NMR (DMSO-d,, 300 MHz): & (ppm): 9.58-9.09 (m,
2H), 4.73-4.52 (m, 1H), 3.17-2.94 (m, 2H), 2.68 (s, 3H),
2.20-2.04 (m, 1H), 1.88-1.51 (m, 5H).

Step 4: 6-{(1E)-3-[2-(5-Methyl-1,2,4-oxadiazol-3-
yl)piperidin-1-y1]-3-oxoprop-1-en-1-y1}-3,4-dihy-
dro-1,8-naphthyridin-2(1H)-one

OH
o Z N EDCI
—_—
x DIPEA, DMF
N g (6]
CIH
N N
— ]
N
0 o Y |
X
N N (6]
H
A 16 mL vial flask was successively charged with (2E)-3-

(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic

acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 2-(5-
methyl-1,2,4-oxadiazol-3-yl)piperidine hydrochloride (29
mg, 0.14 mmol; which may be prepared as described in Step
3), DIPEA (48 pL, 0.28 mmol) and EDAC (27 mg, 0.14
mmol). The reaction mixture was stirred at room temperature
overnight and concentrated to dryness. The residue was puri-
fied on preparative TLC (eluent: dichloromethane/NH, 7N in
MeOH, 2.5%) to give an oil. This oil was taken up in acetone,
diethyl ether and concentrated. The resulting wax was finally
dissolved in dichloromethane, concentrated and dried to give
the title compound (15 mg, 34%) as a yellow solid.

LCMS (ESI+) m/z 368 (M+H)*: 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.65 (br's, 1H),
8.44-8.29 (m, 1H), 8.17-8.02 (m, 1H), 7.49 (d, J=15.3 Hz,
1H), 7.31 (d, J=15.3 Hz, 1H), 5.97-5.77 (m, 1H), 4.57-4.23
(m, 1H), 3.26-3.04 (m, 1H), 2.98-2.78 (m, 2H), 2.58 (s, 3H),
2.37-2.12 (m, 1H), 1.97-1.09 (m, 5H). The CH, missing is
hidden by the DMSO signal.

Example 14

6-{(1E)-3-[4-Hydroxy-4-phenylpiperidin-1-y1]-3-
oxoprop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2
(1H)-one (E14)

OH
o N\ EDCI
_ -
| DIPEA, DMF
A
N g O
CIH
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-continued
OH
N
o) 7 N |
™
N N @]
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (30 mg, 0.12 mmol), DMF (3 mL), 4-hy-
droxy-4-phenylpiperidine (25 mg, 0.14 mmol), DIPEA (48
ul, 0.28 mmol) and EDAC (27 mg, 0.14 mmol). The reaction
mixture was stirred at room temperature overnight and con-
centrated to dryness. The residue was purified on preparative
TLC (eluent: dichloromethane/MeOH, 95/5) to give a white
solid. This solid was triturated in acetone and diethyl ether,
filtered, washed with diethyl ether and then dried to give the
title compound (18.5 mg, 41%) as a white solid.

LCMS (ESI+) m/z 378 (M+H)": 100%.

'HNMR (DMSO-dg, 300 MHz): § (ppm): 10.64 (brs, 1H),
8.39-8.30 (m, 1H), 8.14-8.06 (m, 1H), 7.57-7.45 (m, 3H),
7.40-7.16 (m, 4H), 5.17 (s, 1H), 4.52-4.11 (m, 2H), 3.57-3.39
(m, 1H),3.16-2.99 (m, 1H), 2.97-2.82 (m, 2H), 1.98-1.56 (m,
4H). The CH, missing is hidden by the DMSO signal.

Example 15
6-{(1E)-3-Ox0-3-[3-(pentyloxy )azetidin-1-yl|prop-
1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one

(E15)

Step 1: 1-(Diphenylmethyl)-3-(pentyloxy)azetidine

Q t-BuOK

iodopentane
—_—

Q
4:
O@N
Q

A solution of 1-diphenylmethylazetidin-3-ol (300 mg, 1.25
mmol) in THF (4.5 mL) was cooled to 0° C. t-BuOK (1M in

HO ~<>N
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THEF, 3.75 mL) was added dropwise and the reaction mixture
was stirred at room temperature for 1 h then cooled to 0° C.
1-Iodopentane (816 L, 6.25 mmol) was added and the solu-
tion was stirred at room temperature for 18 h. The reaction
mixture was diluted with H,O and extracted twice with
EtOAc. The organic layers were combined, dried over
Na,SO, and concentrated to dryness. The residue was puri-
fied on column chromatography (eluent: pentane/EtOAc,

5

95/5) to give the title compound (267 mg, 69%) as a clear oil. 0

LCMS (ESI+) m/z 310 (M+H)*: 100%.

Step 2: 1-(Diphenylmethyl)-3-(pentyloxy)azetidine

&

A 25 mL flask was charged with 1-(diphenylmethyl)-3-
(pentyloxy)azetidine (267 mg, 0.86 mmol; which may be
prepared as described in Step 1) and 1,2-dichloroethane (3.8
mL). 1-Chloroethyl chloroformate (123 pl., 1.13 mmol) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
After cooling to room temperature, methanol (3.8 mL) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
The reaction mixture was concentrated to dryness. The crude
mixture was triturated in pentane to give a clear oil (145 mg,
94%) which was used without further purification.

'"H NMR (DMSO-d, 300 MHz): § (ppm): 9.29-8.80 (m,
2H), 4.38-4.24 (m, 1H), 4.19-4.01 (m, 2H), 3.84-3.68 (m,
2H), 3.40-3.27 (m, 2H), 1.57-1.39 (m, 2H), 1.37-1.18 (m,
4H), 0.87 (t, J=6.8 Hz, 3H).

Step 3: 6-{(1E)-3-Ox0-3-[3-(pentyloxy)azetidin-1-
yl]prop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2

(1H)-one
OH
o PN EDCI
—_—
| DIPEA, DMF
x
N g (6]
CIH
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-continued
O
N
o N\ |
A
N N @]
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (40 mg, 0.16 mmol), DMF (3.8 mL),
1-(diphenylmethyl)-3-(pentyloxy)azetidine (34 mg, 0.19
mmol; which may be prepared as described in Step 2), DIPEA
(63 ul, 0.38 mmol) and EDAC (36 mg, 0.19 mmol). The
reaction mixture was stirred at room temperature for 48 hand
concentrated to dryness. The residue was purified on prepara-
tive TLC (eluent: dichloromethane/MeOH, 9/1) to give a
beige solid. This solid was triturated in acetone to give the title
compound (5 mg, 9%) as a white solid.

LCMS (ESI+) m/z 344 (M+H)": 85%.

'HNMR (DMSO-d,, 300 MHz): § (ppm): 10.67 (brs, 1H),
8.37-8.28 (m, 1H), 8.03-7.93 (m, 1H), 7.40 (d, J=15.6 Hz,
1H), 6.70 (d, J=15.6 Hz, 1H), 4.52-4.39 (m, 1H), 4.36-4.25
(m, 1H), 4.18-3.98 (m, 2H), 3.76-3.62 (m, 1H), 2.96-2.82 (m,
2H), 1.58-1.44 (m, 2H), 1.36-1.18 (m, 4H), 0.92-0.77 (m,
3H). The two CH, missing are hidden by the DMSO signal
and the water peak.

Example 16
6-{(1E)-3-Ox0-3-[3-(pyridin-3-yloxy)pyrrolidin-1-
yl]prop-1-en-1-y1}-3,4-dihydro-1,8-naphthyridin-2

(1H)-one (E16)

Step 1: tert-Butyl
3-(pyridin-3-yloxy)pyrrolidine-1-carboxylate

g g

o) (o) O O
Mitsunobu Y
—_—
N N
Q Q
OH 07N\ /

To a solution of tert-butyl 3-hydroxypyrrolidine-1-car-
boxylate (500 mg, 2.67 mmol) in anhydrous THF (13 mL)
under nitrogen were added 3-hydroxypyridine (508 mg, 5.34
mmol) and triphenylphosphine (1.40 g, 5.34 mmol). The
reaction mixture was cooled to 0° C.and DEAD (775 uL, 4.27
mmol) was added dropwise. The solution was allowed to
warm to room temperature and stirred overnight. The reaction
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mixture was concentrated under reduced pressure then
diluted with dichloromethane and filtered. The filtrate was
washed three times with NaOH 0.2N, dried over Na,SO, then
concentrated. The residue was purified on column chroma-
tography (eluent: pentane/acetone 9/1 to 7/3) to give the title
compound (606 mg, 86%) as a wax.

'H NMR (DMSO-d,, 300 MHz): § (ppm): 8.35-8.23 (m,
1H), 8.22-8.12 (m, 1H), 7.48-7.25 (m, 2H), 5.16-4.99 (m,
1H), 3.64-3.31 (m, 4H), 2.27-1.95 (m, 2H), 1.49-1.28 (m,
9H). The desired product is contaminated with some hydro-
genated DEAD residue.

Step 2: 3-(Pyrrolidin-3-yloxy)pyridine hydrochloride

CIH

N >

TR

o\/

To a cooled solution of tert-butyl 3-(pyridin-3-yloxy)pyr-
rolidine-1-carboxylate (600 mg, 2.27 mmol; which may be
prepared as described in Step 1) in dichloromethane (15 mL)
was added dropwise HCl 4N in dioxane (11.1 mL). The
solution was warmed to room temperature and stirred for 1 h.
The solvent was evaporated under reduced pressure to give
the title compound (263 mg, 58%) as a yellow wax.

LCMS (ESI+) nv/z 165 (M+H (—HCI))*: 100%.

Step 3: 6-{(1E)-3-Ox0-3-[3-(pyridin-3-yloxy)pyrro-

lidin-1-yl]prop-1-en-1-y1}-3,4-dihydro-1,8-naphthy-
ridin-2(1H)-one

OH
EDCI
| DrE DE

DIPEA, DMF
N (0]
H
O\@
N

o) N

x>
N N (@]
H

o a4

x
N

CIH

A 16 mL vial was successively charged with (2E)-3-(7-
0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic  acid
hydrochloride (40 mg, 0.16 mmol), DMF (3.8 mL), 3-(pyr-
rolidin-3-yloxy)pyridine hydrochloride (64 mg, 0.32 mmol;
which may be prepared as described in Step 2), DIPEA (63
ul, 0.38 mmol) and HATU (72 mg, 0.19 mmol). The reaction
mixture was stirred at room temperature overnight and con-
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centrated to dryness. The residue was purified on chromatog-
raphy column (eluent: dichloromethane/MeOH, 95/5) to give
a beige solid. This solid was triturated in acetone and diethyl
ether, filtered, washed with acetone and diethyl ether then
dried to give the title compound (7.3 mg, 13%) as a beige
solid.

LCMS (ESI+) m/z 365 (M+H)*: 100%.

'HNMR (DMSO-d,, 300 MHz): § (ppm): 10.71-10.62 (m,
1H), 8.40-8.28 (m, 2H), 8.24-8.17 (m, 1H), 8.02 (s, 1H),
7.51-7.41 (m, 2H), 7.40-7.32 (m, 1H), 7.08-6.91 (m, 1H),
5.29-5.11 (m, 1H), 4.03-3.61 (m, 3.5H), 3.55-3.41 (m, 0.5H),
2.98-2.84 (m, 2H), 2.33-2.03 (m, 2H). The CH, missing is
hidden by the DMSO signal.

Example 17

6-{(1E)-3-[3-(Benzyloxy)azetidin-1-yl]-3-oxoprop-
1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one
(E17)

Step 1: 3-(Benzyloxy)-1-(diphenylmethyl)azetidine

NaH

Benzyl bromide
B

HO @N

_e'
&

To a solution of 1-diphenylmethylazetidin-3-0l (300 mg,
1.3 mmol) in DMF (2.6 mL) at 0° C. under nitrogen was
added NaH (60% in oil, 56 mg, 1.4 mmol). The suspension
was stirred for 0.5 h at 0° C. then treated with benzyl bromide
(236 pl, 2.0 mmol). The mixture was allowed to warm to
room temperature then heated to 80° C. overnight. The reac-
tion mixture was cooled, acetic acid (20 drops) was added and
the mixture concentrated under reduced pressure. The crude
material was purified on column chromatography (eluent:
Pentane/EtOAc, 95/5 to 70/30) to give the product (104 mg,
24%) as an orange oil.
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'H NMR (DMSO-d,, 300 MHz): & (ppm): 7.47-7.12 (m,
15H), 4.40 (s, 1H), 4.37 (s, 2H), 4.22-4.11 (m, 1H), 3.38-3.28
(m, 2H), 2.82-2.74 (m, 2H).

Step 2: 3-(Benzyloxy)azetidine hydrochloride 5

o{>N
CIH 15
0 NH

A 16 mL vial was charged with 3-(benzyloxy)-1-(diphe- 20

nylmethyl)azetidine (103 mg, 0.31 mmol; which may be pre-
pared as described in Step 1) and 1,2-dichloroethane (1.4
mL). 1-Chloroethyl chloroformate (45 pl., 0.41 mmol) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
After cooling to room temperature, methanol (1.4 mL) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
The reaction mixture was cooled and concentrated to dryness.
The residue was purified on column chromatography (eluent:
Pentane/NH; 7N in MeOH, 98/2) to give the title compound
(57 mg, 92%).

LCMS (ESI+) nv/z 164 (M+H* (—HCI)): 100%.

'"H NMR (DMSO-d, 300 MHz): 8 (ppm): 7.40-7.23 (m,
5H), 4.36 (s, 2H), 4.34-4.21 (m, 1H), 3.57-3.24 (m, 4H).

Q )

25

30

Step 3: 6-{(1E)-3-[3-(Benzyloxy)azetidin-1-y1]-3- .
oxoprop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-2
(1H)-one
40
OH
EDCI
o N\ 4-DMAP
_—
| DIPEA, DMF 45
x
N N 6]

CIH H
50

O
55

N
0 7 N | 0

x
N N (6]
H

A 16 mL vial flask was successively charged with (2E)-3- 65
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (60 mg, 0.24 mmol), DMF (5.8 mL),

58

3-(benzyloxy)azetidine hydrochloride (58 mg, 0.29 mmol;
which may be prepared as described in Step 2), DIPEA (96
pl, 0.58 mmol), DMAP (2.4 mg, 0.02 mmol) and EDAC (56
mg, 0.29 mmol). The reaction mixture was stirred at room
temperature overnight and concentrated to dryness. The resi-
due was purified by precipitation in MeOH/H,O and then
triturated in acetone/diethyl ether to give the title compound
as a beige solid (33 mg, 38%).

LC-MS (ESI+) m/z 364 (M+H)*: 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.66 (brs, 1H),
8.40-8.30 (m, 1H), 8.06-7.97 (m, 1H), 7.46-7.26 (m, 6H),
6.71 (d, J=15.6 Hz, 1H), 4.53-4.35 (m, 4H), 4.19-4.04 (m,
2H), 3.82-3.70 (m, 1H), 2.98-2.84 (m, 2H). The CH, missing
is hidden by the DMSO signal.

Example 18

6-{(1E)-3-[2-(1,3-Benzoxazol-2-yl)piperidin-1-yl]-
3-oxoprop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-
2(1H)-one (E18)

Step 1: tert-Butyl (2R)-2-{[(2-bromophenyl)amino]
carbonyl}pyrrolidine-1-carboxylate

N
o \7//0 *
OH (@]
Br
is0-BuOCOCI, NMM

_—
NI,
N
O 0,
Br
NH 0]

In a 500 mL flask, N-Boc-D-Proline (300 mg, 1.39 mmol)
was dissolved in dichloromethane (35 ml.) and cooled to 0°
C.under nitrogen. N-Methylmorpholine (153 pL, 1.39 mmol)
was added followed by dropwise addition of iso-butyl chlo-
roformate (180 pL, 1.39 mmol) and the reaction mixture
stirred at 0° C. for 1 h. 2-Bromoaniline (1.31 mL., 1.39 mmol)
was dissolved in dichloromethane (5 ml.) then added quickly
to the activated acid at 0° C. The mixture was stirred overnight
from 0° C. to room temperature. The reaction mixture was
diluted with dichloromethane, washed with water, dried over
Na,SO, and concentrated under reduced pressure. The crude
mixture was purified on column chromatography (eluent:
Pentane/EtOAc, 50/50 to 0/100 then EtOAc/MeOH 80/20) to
give the product (394 mg, 77%) as a yellow oil. This product
was used in the next step without further purification.

LCMS (BSI+) m/z 369 (M+)*: 7%.
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Step 2: tert-Butyl (2R)-2-(1,3-benzoxazol-2-yl)pyr-
rolidine-1-carboxylate

Phenanthroline, Cul, Cs2CO3

N
e} 0,
Br
NH 0

DME

~« TV

In a 25 mL flask, tert-butyl (2R)-2-{[(2-bromophenyl)
amino]carbonyl}pyrrolidine-1-carboxylate (194 mg, 0.53
mmol; which may be prepared as described in Step 1) was
dissolved in DME (4 mL) under nitrogen at room tempera-
ture. Cul (6 mg, 0.03 mmol), Cs,CO;(261 mg, 0.80 mmol)
and 1,10-phenanthroline (26 mg, 0.14 mmol) were added
then the reaction mixture was heated at 85° C. for 24 h. The
mixture was cooled to room temperature and concentrated to
dryness. The residue was dissolved in dichloromethane and
filtered on Celite to eliminate the cupper residue. The filtrate
was concentrated and the residue purified on preparative TLC
(Pentane/EtOAc, 85/15 to 50/50) to give the title compound
(88 mg, 58%) as a solid.

LCMS (ESI+) m/z 289 (M+H)*: 9%.

'H NMR (DMSO-d,, 300 MHz): § (ppm): 7.78-7.62 (m,
2H), 7.43-7.31 (m, 2H), 5.08-4.94 (m, 1H), 4.60-4.34 (m,
2H), 2.42-1.80 (m, 4H), 1.37 (s, 3H), 1.06 (s, 6H).

Step 3: 2-[(2R)-Pyrrolidin-2-yl]-1,3-benzoxazole
trifluoroacetate

TFA
—

B s r o
N 4
N F OH
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Ina 16 mL flask, trifluoroacetic acid (4 ml.) was added to
a mixture of tert-butyl (2R)-2-(1,3-benzoxazol-2-yl)pyrroli-
dine-1-carboxylate (88 mg, 0.31 mmol; which may be pre-
pared as described in Step 2) dissolved in dichloromethane (4
mL) at 0° C. under nitrogen. The reaction was allowed to
warm to room temperature and stirred for 3 h. The reaction
mixture was concentrated to dryness and the residue used in
the next step without further purification.

LCMS (ESI+) m/z 189 (M+H)*: 100%.

"1 NMR (DMSO-d,, 300 MHz): & (ppm): 10.20-9.80 (1,
1H), 9.70-9.30 (m, 1H), 7.88-7.77 (m, 2H), 7.54-7.41 (m,
2H), 5.17-5.05 (m, 1H), 3.45-3.33 (m, 2H), 2.43-2.24 (m,
2H), 2.16-2.02 (m, 2H).

Step 4: 6-{(1E)-3-[2-(1,3-Benzoxazol-2-yl)piperidin-
1-yl]-3-oxoprop-1-en-1-yl1}-3,4-dihydro-1,8-naph-
thyridin-2(1H)-one

OH
EDCI
o P\ 4-DMAP
_ -
| DIPEA, DMF
A
N g (@]

CIH

A
O A

x>
N

O

=z

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (60 mg, 0.24 mmol), DMF (5.8 mL),
2-[(2R)-pyrrolidin-2-yl]-1,3-benzoxazole  trifluoroacetate
(0.31 mmol theory; which may be prepared as described in
Step 3), DIPEA (96 uL, 0.58 mmol), DMAP (2.4 mg, 0.02
mmol) and EDAC (56 mg, 0.29 mmol). The reaction mixture
was stirred at room temperature overnight and concentrated
to dryness. The residue was purified on preparative TLC
(eluent: dichloromethane/MeOH, 95/5) and column chroma-
tography (eluent: dichloromethane/MeOH, 98/2) to give the
title compound (12 mg, 13%) as a white solid.

LC-MS (ESI+) m/z 389 (M+H)*: 100%.

'HINMR (DMSO-d,, 300 MHz): 8 (ppm): 10.71-10.51 (m,
1H), 8.45-8.18 (m, 1H), 8.12-7.78 (m, 1H), 7.75-7.54 (m.
2H), 7.47-7.26 (m, 3H), 7.12-6.92 (m, 1H), 5.83-5.71 (m.
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0.2H), 5.31-5.16 (m, 0.8H), 4.04-3.56 (m, 2H), 3.04-2.74 (m,
4H), 2.16-1.94 (m, 2H). The CH, missing is hidden by the
DMSO signal.

Example 19 5

6-[(1B)-3-{3-[(2-Methylprop-2-en-1-yl)oxy]azeti-
din-1-y1}-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E19)
10

Step 1: 1-(Diphenylmethyl)-3-[(2-methylprop-2-en-
1-yl)oxy]azetidine

t-BuOK
—_—

HO{>N
25

o—

30

A solution of 1-diphenylmethylazetidin-3-01 (239 mg, 1.0
mmol) in THF (3.6 mL) was cooled to 0° C. t-BuOK (1M in
THEF, 3.6 mL) was added dropwise and the reaction mixture
was stirred at room temperature for 1 h then cooled to 0° C.
3-Bromo-2-methyl-1-propene (504 pul., 5.0 mmol) was added
and the solution was stirred from 0° C. to room temperature
overnight. The reaction mixture was diluted with H,O and
extracted twice with EtOAc. The organic layers were com-
bined, dried over Na,SO, and concentrated to dryness to give
the title compound (276 mg, 94%) as a yellow oil.

'HNMR (CDCls, 300 MHz): & (ppm): 7.50-7.07 (m, 10H),
4.89 (d, J=17.4 Hz, 2H), 4.36 (br s, 1H), 4.21-4.10 (m, 1H),
3.77 (brs, 2H),3.55-3.46 (m, 2H), 2.95-2.85 (m, 2H), 1.72 (s,
3H).
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Step 2: 3-[(2-Methylprop-2-en-1-yl)oxy]azetidine
hydrochloride

50

A 16 mL flask was charged with 1-(diphenylmethyl)-3-[(2- 65
methylprop-2-en-1-yl)oxylazetidine (276 mg, 0.94 mmol;
which may be prepared as described in Step 1) and 1,2-
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dichloroethane (4.1 mL). 1-Chloroethyl chloroformate (135
ul, 1.24 mmol) was added and the reaction mixture was
stirred at 70° C. for 1.5 h. After cooling to room temperature,
methanol (4.1 mL) was added and the reaction mixture was
stirred at 70° C. for 1.5 h. The reaction mixture was concen-
trated to dryness and the residue was triturated in pentane to
give the final product (192 mg, quantitative) as a brown oil.

'"H NMR (DMSO-d,, 300 MHz): 8 (ppm): 9.37-8.88 (m,
2H), 4.92 (d, J=20.2 Hz, 2H), 4.40-4.28 (m, 1H), 4.15-4.03
(m, 2H), 3.88-3.72 (m, 4H), 1.67 (s, 3H).

Step 3: 6-[(1B)-3-{3-[(2-Methylprop-2-en-1-yl)oxy]
azetidin-1-yl}-3-oxoprop-1-en-1-yl]-3,4-dihydro-1,
8-naphthyridin-2(1H)-one

OH
EDCI
o P\ 4-DMAP
_ -
| DIPEA, DMF
x>
N g @]
CIH
O
N
o / / |
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N N @]
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (60 mg, 0.24 mmol), DMF (5.8 mL),
3-[(2-methylprop-2-en-1-yl)oxy|azetidine hydrochloride (78
mg, 0.48 mmol; which may be prepared as described in Step
2), DIPEA (119 pL, 0.72 mmol), DMAP (2.4 mg, 0.02 mmol)
and EDAC (56 mg, 0.29 mmol). The reaction mixture was
stirred at room temperature overnight and concentrated to
dryness. The residue was precipitated in methanol/water and
then filtered. The resulting solid was dissolved in chloroform
and washed with water to give a beige solid. This solid was
triturated in diethyl ether to give the title compound (13 mg,
16%) as a white solid.

LCMS (ESI+) m/z 328 (M+H)*: 100%.

'HINMR (DMSO-d,, 300 MHz): 8 (ppm): 10.67 (brs, 1H),
8.41-8.29 (m, 1H), 8.06-7.96 (m, 1H), 7.39 (d, J=15.9 Hz,
1H), 6.71 (d, J=15.9 Hz, 1H), 5.03-4.94 (m, 1H), 4.92-4.82
(m, 1H), 4.53-4.42 (m, 1H), 4.41-4.27 (m, 1H), 4.21-4.03 (m,
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2H), 3.88-3.69 (m, 3H), 2.95-2.84 (m, 2H), 1.69 (m, 3H). The
CH, missing is hidden by the DMSO signal.

Example 20

6-{(1E)-3-Ox0-3-[3-(1,3-thiazol-2-ylmethoxy)azeti-
din-1-yl]prop-1-en-1-yl}-3,4-dihydro-1,8-naphthyri-
din-2(1H)-one (E20)

Step 1: 2-(Chloromethyl)-1,3-thiazol-3-ium chloride

=

Ina 50 mL flask, thiazole-2-methanol (500 mg, 4.3 mmol)
was dissolved in THF (2.6 mL) and cooled to 0° C. under
nitrogen. Thionyl chloride (377 pL, 5.2 mmol) was added
dropwise and the reaction mixture was allowed to warm to
room temperature then heated at 50° C. for 2 h. The crude
mixture was concentrated under reduced pressure to give an
orange solid (684 mg, 94%).

'H NMR (DMSO-d,, 300 MHz): § (ppm): 7.88-7.76 (m,
2H), 5.16-5.01 (m, 2H).

Step 2: tert-Butyl
3-(1,3-thiazol-2-ylmethoxy)azetidine-1-carboxylate

A ao

%
-

@4

4(

To a solution of N-Boc-azetidin-3-ol (260 mg, 1.5 mmol)
in DMF (3.5 mL) at 0° C. under nitrogen was added NaH
(60% in oil, 126 mg, 3.15 mmol). The suspension was stirred
for 0.5 h at 0° C. then treated with 2-(chloromethyl)-1,3-
thiazol-3-ium chloride (510 mg, 3.0 mmol; which may be
prepared as described in Step 1) dissolved in DMF (1 mL) and
DIPEA (1.05 mL). The mixture was allowed to warm to room
temperature then heated to 80° C. overnight. The reaction
mixture was cooled, water (20 drops) was added and the
mixture concentrated under reduced pressure. The crude
material was purified on column chromatography (eluent:
Pentane/EtOAc, 90/10 to 50/50) to give the product (193 mg,
48%) as a brown oil.

LCMS (ESI+) m/z 271 (M+H)*: 100%.
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Step 3: 2-[(Azetidin-3-yloxy)methyl]-1,3-thiazole
hydrochloride

-
S
4«

To a solution of tert-butyl 3-(1,3-thiazol-2-ylmethoxy)aze-
tidine-1-carboxylate (193 mg, 0.71 mmol; which may be
prepared as described in Step 2) dissolved in diethyl ether (2.6
ml) at room temperature was added HCI 2N in diethyl ether
(7.1 mL). The reaction mixture was stirred for 1.5 h then
concentrated to dryness. The resulting solid was triturated
with diethyl ether, collected and dried to give the title com-
pound (138 mg, quantitative) as a brown oil.

'"HNMR (CDCls, 300 MHz): 8 (ppm): 9.40-8.90 (m, 2H),
7.89-7.71 (m, 2H), 4.83 (s, 2H), 4.64-4.59 (m, 1H), 4.18-4.03
(m, 2H), 3.91-3.79 (m, 2H).

)

e}
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(@)
j>
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=)
@]
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Step 4: 6-{(1E)-3-Ox0-3-[3-(1,3-thiazol-2-yl-
methoxy)azetidin-1-yl]prop-1-en-1-y1}-3,4-dihydro-
1,8-naphthyridin-2(1H)-one

OH
EDCI
DMAP
| DIPEA, DMF
x>
N N 0
CIH H
s N
j/
0
N
o Y |
A
N N 0
H

A 16 mL vial flask was successively charged with (2E)-3-
(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic
acid hydrochloride (60 mg, 0.24 mmol), DMF (5.8 mL),
2-[(azetidin-3-yloxy)methyl]-1,3-thiazole hydrochloride (99
mg, 0.48 mmol; which may be prepared as described in Step
3), DIPEA (119 pL, 0.72 mmol), DMAP (2.4 mg, 0.02 mmol)
and EDAC (56 mg, 0.29 mmol). The reaction mixture was
stirred at room temperature overnight and concentrated to
dryness. The residue was precipitated in methanol/water and
then filtered. The resulting solid was purified on column
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chromatography (eluent: 96/4 dichloromethane/MeOH) then
triturated in pentane and MeOH to give the title compound
(21 mg, 24%) as a white solid.

LCMS (ESI+) m/z 371 (M+H)*: 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.66 (br s, 1H),
8.40-8.29 (m, 1H), 8.03-7.99 (m, 1H), 7.84-7.74 (m, 2H),
7.40 (d, J=15.6 Hz, 1H), 6.72 (d, J=15.5 Hz, 0.9H), 6.48 (d,
J=16.0Hz, 0.1H), 4.82 (s, 2H), 4.61-4.45 (m, 2H), 4.20-4.11
(m, 2H), 3.85-3.74 (m, 1H), 2.95-2.84 (m, 2H). The CH,
missing is hidden by the DMSO signal.

Example 21

6-{(1E)-3-[3-({[(1E)-1-Methyl-2-pyrimidin-2-yleth-
ylidene]amino }oxy)azetidin-1-yl]-3-oxoprop-1-en-1-
yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E21)

Step 1: 1-Pyrimidin-2-ylacetone

E\N E\N 0
L J
= P
N Cl N
E\N OH
N)\)\
In a 100 mL flask, acetone (1.44 mL, 19.6 mmol) was
added to KH (30% in o0il, 2.89 g, 21.6 mmol) in THF (15 mL)
at 0° C. under nitrogen. The reaction mixture was stirred for
0.25 h then additional THF (15 mL) was added. AIBN (74 mg,
0.45 mmol) followed by 2-chloropyrimidine (500 mg, 4.36
mmol) were added cautiously and the reaction mixture kept at
0° C. for 1 h. HCI 3N was added until the pH=6. The two
layers were separated and the aqueous phase extracted with
dichloromethane. The combined extracts were dried over
Na,SO, then concentrated. The residue was purified on col-
umn chromatography (eluent: EtOAc/pentane 20/80 to

80/20) to give the title compound (247 mg, 42%) as a yellow
oil (keto/enol form 2:1).

LCMS (ESI+) m/z 137 (M+H)*: 100%.

'H NMR (CDCl,, 300 MHz): & (ppm): 13.71-13.67 (m,
0.3H), 8.71 (d, J=5.0 Hz, 2H), 8.60-8.48 (m, 0.8H), 7.21 (t,
J=5.0Hz, 1H), 6.97-6.87 (m, 0.4H), 5.57 (br s, 0.4H), 4.13 (s,
2H), 2.29 (s, 3H), 2.09 (s, 1.2H).

Step 2: 2-{[1-(Diphenylmethyl)azetidin-3-yl]oxy } -
1H-isoindole-1,3(2H)-dione

HO,

w
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-continued
O

To a solution of N-benzhydrylazetidin-3-ol (1.0 g, 4.18
mmol) in anhydrous THF (66 mL) under nitrogen were added
N-hydroxyphthalimide (750 mg, 4.60 mmol) and triph-
enylphosphine (2.19 g, 8.36 mmol). The reaction mixture was
cooled to 0° C. and DEAD (1.52 mL,, 8.36 mmol) was added
dropwise. The solution was allowed to warm to room tem-
perature and stirred overnight. The reaction mixture was con-
centrated under reduced. The residue was purified on column
chromatography (eluent: pentane/EtOAc 7/3 to 4/6) to give
the title compound (600 mg, 37%) as a wax.

LCMS (ESI+) m/z 385 (M+H)": 100%.

'HNMR (CDCl,, 300 MHz): § (ppm): 7.88-7.79 (m, 2H),
7.78-7.68 (m, 2H), 7.50-7.35 (m, 4H), 7.30-7.25 (m, 4H),
7.20-7.00 (m, 2H), 4.97-4.86 (m, 1H), 4.49 (s, 1H), 3.62-3.50
(m, 2H), 3.40-3.26 (m, 2H).

Step 3: 3-(Aminooxy)-1-(diphenylmethyl)azetidine

To a solution of 2-{[1-(diphenylmethyl)azetidin-3-yl]
oxy }-1H-isoindole-1,3(2H)-dione (600 mg, 1.56 mmol;
which may be prepared as described in Step 2) in ethanol
(13.3 mL.) was added hydrazine hydrate (100 pL., 2.06 mmol).
The resulting mixture was heated to reflux for 2 h then con-
centrated under reduced pressure. The residue was taken up in
dichloromethane/methanol mixture then filtered. The filtrate
was concentrated and the residue purified on column chro-
matography (eluent: Dichloromethane/NH; 7N in MeOH,
2% to 5%) to give the title compound (307 mg, 77%) as aclear
oil.

LCMS (ESI+) m/z 255 (M+H)": 100%.
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Step 4: (2E)-1-Pyrimidin-2-ylacetone O-(1-diphenyl-
methylazetidin-3-yl)oxime

10
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20

A solution of 1-pyrimidin-2-ylacetone (27 mg, 0.2 mmol;
which may be prepared as described in Step 1) and 3-(ami-
nooxy)-1-(diphenylmethyl)azetidine (51 mg, 0.2 mmol;
which may be prepared as described in Step 3) in ethanol (2
ml) under nitrogen was stirred at 80° C. overnight. The crude
mixture was concentrated to dryness to give the title com-
pound (75 mg, quantitative) as a brown oil.

LC-MS (ESI+) m/z 373 (M+H)*: 100%.

'HNMR (CDCl,, 300 MHz): & (ppm): 8.69 (dd, 1=5.1,1.5
Hz, 2H),7.51-7.31 (m, 6H), 7.26-7.11 (m, 5H), 4.98-4.73 (m,
1H), 4.54-4.30 (m, 1H), 4.07 (s, 1H), 3.84 (s, 1H), 3.67-3.40
(m, 2H), 3.18-2.91 (m, 2H), 1.91 (s, 3H).

Step 5: (2E)-1-Pyrimidin-2-ylacetone
O-azetidin-3-yloxime hydrochloride
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-continued
/
N

CM
N\ 0

A 25 ml. flask was charged with (2E)-1-pyrimidin-2-ylac-
etone O-(1-diphenylmethylazetidin-3-yl)oxime (372 mg, 1.0
mmol; which may be prepared as described in Step 4) and
1,2-dichloroethane (8.8 mL). 1-Chloroethylchloroformate
(576 uL, 5.28 mmol) was added and the reaction mixture was
heated to 70° C. for 3 h. After cooling to room temperature,
methanol (8.8 mL) was added and the reaction mixture was
heated to 70° C. for 3 h. The reaction mixture was concen-
trated to dryness and the crude mixture triturated in pentane
and diethyl ether to give the title compound (240 mg, 99%) as
a dark solid.

LCMS (ESI+) m/z 207 (M+H (—HC)*: 17%.

Step 6: 6-{(1E)-3-[3-({[(1)-1-Methyl-2-pyrimidin-2-
ylethylidene]amino }oxy)azetidin-1-y1]-3-oxoprop-1-
en-1-yl}-3,4-dihydro-1,8-naphthyridin-2(1H)-one

OH

EDCI

DMAP

| DIPEA, DMF
N N 0
CIH
o) 7 N\ |
X
N N 0
H

A 16 mL vial was successively charged with (2E)-3-(7-
0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic  acid
hydrochloride (60 mg, 0.24 mmol), DMF (6 mL), (2E)-1-
pyrimidin-2-ylacetone O-azetidin-3-yloxime hydrochloride
(117 mg, 0.48 mmol; which may be prepared as described in
Step 5), DIPEA (160 ul, 0.96 mmol) and DMAP (3 mg,
0.024 mmol). The reaction mixture was cooled to 0° C. and
EDAC (56 mg, 0.29 mmol) was added. The reaction mixture
was allowed to warm to room temperature, stirred overnight
then concentrated to dryness. The crude mixture was purified
on column chromatography (eluent: dichloromethane/
MeOH, 2% to 6%) then triturated in diethy] ether and dichlo-
romethane to give the product (8 mg, 8%) and as a beige solid.

LCMS (ESI+) m/z 407 (M+H)*: 100%.

'"HNMR (DMSO-dg, 300 MHz): 8 (ppm): 10.66 (brs, 1H),
8.82-8.71 (2xd, J=4.8 Hz, 1H), 8.40-8.31 (m, 1H), 8.08-7.98
(m, 1H), 7.52-7.17 (m, 3H), 6.81-6.65 (2xd, J=15.9 Hz, 1H),
5.18-4.99 (m, 1H), 4.60-4.40 (m, 1H), 4.32-4.13 (m, 2H),
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4.12-4.06 (m, 1H), 4.04-3.77 (m, 2H), 2.98-2.86 (m, 2H),
1.90-1.85 (2xs, 3H). The CH, missing is hidden by the
DMSO signal.

Example 22

6-{(1E)-3-[3-(Pentylsulfonyl)azetidin-1-y1]-3-0xo-
prop-1-en-1-yl1}-3 4-dihydro-1,8-naphthyridin-2
(1H)-one (E22)

Step 1: 1-(Diphenylmethyl)azetidin-3-yl
methanesulfonate

HO,
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To a solution of dibenzylazetidin-3-ol (500 mg, 2.09
mmol) in THF (21 mL) at 0° C. under nitrogen was added
methanesulfonyl chloride (194 L., 2.51 mmol) and triethy-
lamine (612 pl, 4.39 mmol). The reaction mixture was stirred
for 1 h then concentrated to dryness. The residue was dis-
solved in dichloromethane, washed with water and brine. The
organic layer was dried over Na,SO,, filtered and concen-
trated to dryness to give the title product (0.61 g, 92%) as a
yellow oil.

LCMS (BSI+) m/z 318 (M+H)*: 20%.
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'H1 NMR (DMSO-d,, 300 MHz): & (ppm): 7.45-7.14 (m,
10H), 5.16-5.05 (m, 1H), 4.40 (s, 1H), 3.67-3.58 (m, 2H),
3.25-3.14 (m, 2H), 2.9 (s, 3H).

Step 2: 1-(Diphenylmethyl)-3-(pentylthio)azetidine

To a solution of pentanethiol (248 ul, 2.0 mmol) in DMSO
(2.5 mL) at 0° C. under nitrogen was added NaH (60% in oil,
80 mg, 2.0 mmol). The suspension was stirred for 0.5 h at 0°
C. then treated with 1-(diphenylmethyl)azetidin-3-yl meth-
anesulfonate (317 mg, 1.0 mmol; which may be prepared as
described in Step 1) and the mixture allowed to warm to room
temperature overnight. Saturated NaHCO; (5 mL.) was added
and the mixture was extracted with diethyl ether. The organic
layer was separated from the aqueous and the organic washed
with brine, dried over Na,SO, and concentrated to give the
product (312 mg, 96%) as a yellow oil.



US 9,051,321 B2

71
'HNMR (CDCl,, 300 MHz): & (ppm): 7.83-7.69 (m, 10H),
439 (brs, 1H),3.63-3.49 (m, 3H), 3.01-2.90 (m, 2H), 2.61 (br
s, 2H), 2.53-2.43 (m, 2H), 1.56-1.45 (m, 2H), 1.35-1.27 (m,
4H), 0.93-0.82 (m, 3H).

Step 3:
1-(Diphenylmethyl)-3-(pentylsulfonyl)azetidine

10

15

25

30

35

40

To a solution of 1-(diphenylmethyl)-3-(pentylthio)azeti-
dine (228 mg, 0.70 mmol; which may be prepared as
described in Step 2) in methanol (6.3 mL) and water (6.3 mL.)
was added H,SO, 1IN (0.7 mL). The reaction mixture was
stirred for 10 minutes, then oxone (1.08 g, 1.75 mmol) was
added and the mixture stirred at room temperature for 12 h. A
solution of saturated NaHCO; (5§ mL) was added and the
mixture extracted with ethyl acetate. The two layers were
separated and the organic washed with brine, dried over
Na,SO,, filtered and concentrated. The crude was then puri-
fied on column chromatography (pentane/EtOAc, 100/0 then
90/10) to give the title product (75 mg, 30%) as a pale yellow
oil. The less pure fraction (N-oxide) can be recycled in hydro-
genolysis conditions.

LC-MS (ESI+) m/z 358 (M+H)*: 100%.
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'HINMR (CDCl,, 300 MHz): 8 (ppm): 7.45-7.15 (m, 10H),
4.51 (s, 1H),3.97-3.84 (m, 1H), 3.58-3.42 (m, 4H), 2.92-2.83
(m, 2H), 1.84-1.70 (m, 2H), 1.43-1.27 (m, 4H), 0.93-0.85 (m,
3H).

Step 4: 3-(Pentylsulfonyl)azetidine hydrochloride

Oxd
7

Oxs

bN O S
g b
NH
CIH

9

A 16 mL flask was charged with 1-(diphenylmethyl)-3-
(pentylsulfonyl)azetidine (136 mg, 0.38 mmol; which may be
prepared as described in Step 3) and 1,2-dichloroethane (1.7
mL). 1-Chloroethyl chloroformate (53 pl, 0.49 mmol) was
added and the reaction mixture was stirred at 70° C. for 1.5 h.
After cooling to room temperature, methanol (1.7 mL) was
added and the reaction mixture stirred at 70° C. for 1.5h. The
reaction mixture was concentrated dryness. LCMS analysis
showed a mixture of the final product and the starting mate-
rial. The residue was dissolved again in 1,2-dichloroethane
and 1-chloroethyl chloroformate (4 eq., 164 ul.) was added.
The reaction mixture was stirred at 70° C. for 5 h and over-
night after addition of methanol. No starting material was
detected by TLC monitoring, so the reaction mixture was
concentrated to dryness and the resulting solid triturated in
pentane to give the title product (39 mg, 45%) as a dark orange
oil.

LCMS (ESI+) m/z 192 (M+H(—HCI))*: 100%.

Step 5: 6-{(1E)-3-[3-(Pentylsulfonyl)azetidin-1-y1]-
3-oxoprop-1-en-1-yl}-3,4-dihydro-1,8-naphthyridin-

2(1H)-one
OH
EDCI
DMAP
o) 7 N - .
| DIPEA, DMF
X
N N 0
CIH H
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\O
N
0 ' |
X
N N (6]
H

A 16 mL vial flask was successively charged with (2E)-3-

(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)acrylic

acid hydrochloride (40 mg, 0.16 mmol), DMF (3.9 mL),
3-(pentylsulfonyl)azetidine hydrochloride (39 mg, 0.17
mmol; which may be prepared as described in Step 4), DIPEA
(106 uL, 0.64 mmol), DMAP (2 mg, 0.02 mmol) and EDAC
(36 mg, 0.19 mmol). The reaction mixture was stirred at room
temperature overnight and concentrated to dryness. The resi-
due was purified on preparative TLC (eluent: 90/10 DCM/
MeOH) then triturated in pentane with a drop of acetone to
give the title compound (12 mg, 19%) as a white solid.

LCMS (ESI+) m/z 392 (M+H)*: 100%.

'"HNMR (DMSO-d,, 300 MHz): 8 (ppm): 10.68 (br s, 1H),
8.41-8.25 (m, 1H), 8.06-7.76 (m, 1H), 7.50-7.36 (m, 1H),
6.84-5.94 (m, 1H), 4.63-4.03 (m, 4H), 3.23-3.11 (m, 2H),
2.97-2.85 (m, 2H), 1.72-1.45 (m, 2H), 1.43-1.22 (m, 4H),
0.92-0.80 (m, 3H). The CH, missing is hidden by the DMSO
signal.

Example 23

5-{(1E)-3-Ox0-3-[3-(pyridin-4-ylmethoxy)azetidin-
1-yl]prop-1-en-1-yl}pyridin-2-amine (E23)

Step 1: tert-Butyl
(2E)-3-(6-aminopyridin-3-yl)acrylate

| & )<
H,N N

To a solution of 2-amino-5-bromopyridine (300 mg, 1.73
mmol) in DMF (1.5 mL) and proprionitrile (3.5 mL) under
Argon were added DIPEA (613 ulL, 3.71 mmol), tert-butyl
acrylate (1.02 mL, 7.06 mmol), tri(o-tolyl)phosphine (106
mg, 0.35 mmol) and palladium acetate (39 mg, 0.17 mmol).
The mixture was stirred at 100° C. for 20 h, then allowed to
come back to room temperature, filtered through Celite pad
and rinsed with EtOAc. The residue obtained after concen-
tration was purified by flash chromatography (eluent: 95/5
DCM/MeOH) to give the title compound as an orange solid
(380 mg, quantitative)

LCMS (ESI+) m/z 221 (M+H)": 100%. .
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Step 2: (2E)-3-(6-Aminopyridin-3-yl)acrylic acid
hydrochloride
(€]
| v X o .,
J K
H,N N
(€]
| NN on
F
H,N N
CIH

To a solution of tert-butyl (2E)-3-(6-aminopyridin-3-yl)
acrylate (380 mg, 1.73 mmol; which may be prepared as
described in Step 1) in DCM (3.45 mL) under Argon was
added trifluoroacetic acid (3.45 mL). The mixture was stirred
at room temperature for 1 h, then HC14N in dioxane (6.9 m[.)
was added. A beige solid started precipitating at the half of the
addition. After concentration, the solid was triturated in Et, O,
filtered, rinsed with Et,O and dried under vacuum to give the
title compound as a beige solid (265 mg, 76%).

LCMS (ESI+) m/z 165 (M-(HCD+H)*: 100%.

Step 3: tert-Butyl
3-(pyridin-4-ylmethoxy )azetidine-1-carboxylate

i

~a, T
PR

A

I

O

A solution of N-Boc-azetidin-3-01 (500 mg, 2.89 mmol) in
THF (10 mL) was cooled to 0° C. t-BuOK (1M in THF, 11.6
ml.) was added dropwise and the reaction mixture was stirred
at room temperature for 0.25 h then cooled to 0° C. A solution
of 4-bromomethylpyridine hydrobromide (2.19 g, 8.67
mmol) in dichloromethane (5 mL) stirred with DIPEA (4 mL,,
24 mmol) for 0.5 h was then added. The reaction mixture was
stirred at room temperature for 24 h. The reaction mixture was
diluted with H,O and extracted twice with EtOAc. The organ-
ics were separated from the aqueous layer and combined,
dried over Na,SO, and concentrated to dryness. The crude
mixture was purified by column chromatography (eluent:
Pentane/EtOAc, 1/1 to 7/3) to give the title product (313 mg,
41%) as a yellow oil.

LCMS (ESI+) m/z 265 (M)™: 28%.
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'H NMR (DMSO-d,, 300 MHz): & (ppm): 8.54 (d, I=5.9
Hz, 2H), 7.34 (d, 1=5.9 Hz, 2H), 4.49 (s, 2H), 4.39-4.25 (m,
1H), 4.06-3.90 (m, 2H), 3.80-3.65 (m, 2H), 1.37 (s, 9H).

Step 4: 4-[(Azetidin-3-yloxy)methyl]|pyridine
dihydrochloride

g tm

x |\
NFA

I\! L CIH

To a solution of tert-butyl 3-(pyridin-4-ylmethoxy)azeti-
dine-1-carboxylate (313 mg, 1.18 mmol; which may be pre-
pared as described in Step 3) in diethyl ether (4 mL) at 0° C.
was added HCI 2N in diethyl ether (12 mL). The reaction
mixture was stirred for 1 h then mixture was filtered. The
resulting solid was rinsed with diethyl ether and collected to
give the title compound as a white solid (155 mg, 65%).

'"H NMR (DMSO-d, 300 MHz): 8 (ppm): 9.76-9.17 (m,
2H), 8.92-8.84 (m, 2H), 8.01-7.88 (m, 2H), 4.81 (s, 2H),

4.60-4.46 (m, 1H), 4.23-4.09 (m, 2H), 3.98-3.84 (m, 2H).
Step 5: 5-{(1E)-3-Ox0-3-[3-(pyridin-4-ylmethoxy)
azetidin-1-yl]prop-1-en-1-yl}pyridin-2-amine
(€]
\ \ OH +
P
H,N N
CIH
CIH
AN
(6]
R
D
N
Z  cm
(€]
| \ \ N\j\
&
HN N Q
B
N Z

To a solution of (2E)-3-(6-aminopyridin-3-yl)acrylic acid
hydrochloride (42 mg, 0.21 mmol; which may be prepared as
described in Step 2) in DMF (5 mL) were added 4-[(azetidin-
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3-yloxy)methyl]pyridine dihydrochloride (50 mg, 0.25
mmol; which may be prepared as described in Step 4), DIPEA
(171 L, 1.04 mmol), DMAP (2.5 mg, 0.02 mmol) and EDAC
(48 mg, 0.25 mmol). The reaction mixture was stirred at room
temperature overnight and concentrated to dryness. The resi-
due was partitioned between a NaHCO; 5% solution and
DCM. The aqueous phase was extracted twice with DCM,
dried over sodium sulfate, filtered and concentrated under
vacuum to give an orange solid. The crude was purified on
preparative TLC (eluent: 90/10 DCM/MeOH+1% NH,OH)
to give the title compound (21 mg, 33%) as a pale yellow
solid.

LCMS (BESI+) m/z 156 (M72+H)**: 100%; m/z 311
(M+H)™: 25%.

'HNMR (DMSO-d,, 400 MHz): 8 (ppm): 8.55 (dd, I=1.5,
4.4 Hz, 2H), 8.12 (d, J=2.2 Hz, 1H), 7.75 (dd, J=2.4, 8.8 Hz,
1H), 7.36 (dd, J=1.5, 4.4 Hz, 2H), 7.29 (d, I=15.7 Hz, 1H),
6.47-6.41 (m, 4H), 4.54 (s, 2H), 4.48-4.43 (m, 2H), 4.16-4.09
(m, 2H), 3.83-3.76 (m, 1H)

Example 24

N-(5-{(1E)-3-Ox0-3-[3-(pyridin-4-ylmethoxy)azeti-
din-1-yl]prop-1-en-1-yl}pyridin-2-yl)acetamide

(E24)
(€]
NN N\j\
H,N N/ o —
| x
NF
(€]
0 | NN N\l
)kN N/ 0]
H
| \
N FH
To a solution of 5-{(1B)-3-0x0-3-[3-(pyridin-4-yl-

methoxy)azetidin-1-yl]prop-1-en-1-y1}pyridin-2-amine (16
mg, 0.05 mmol) and acetic anhydride (6 pL., 0.06 mmol) in
THF (2.4 mL) was added NaHCO,; (5.5 mg, 0.065 mmol).
The reaction mixture was warmed at 60° C. and stirred for 40
h. LCMS showed that some starting material was remaining.
Another portion of acetic anhydride (6 pLL) and NaHCO, (5.5
mg) were added and the mixture was stirred at 60° C. for 24
h. These additions were repeated twice over 48 h. The mixture
was then concentrated, partitioned between water and ethyl
acetate. The aqueous layer was extracted twice with ethyl
acetate. The combined organic layers were washed wih brine,
dried over sodium sulfate, filtered and concentrated under
vacuum to give an oil. The crude was purified on preparative
TLC (eluent: 90/10 DCM/MeOH) to give the title compound
(2.3 mg, 12%) as a pale yellow solid.

LCMS (BSI+) m/z 177 (M/2+H)**: 100%; m/z 353
(M+H)™: 22%.
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'H NMR (DMSO-d,, 400 MHz): § (ppm): 10.66 (s, 1H),
8.58-8.54 (m, 3H), 8.14-8.07 (m, 2H), 7.42 (d, J=15.7 Hz,
1H), 7.37 (d, J=5.9 Hz, 2H), 6.76 (d, I=15.7 Hz, 1H), 4.54 (s,
2H), 4.53-4.45 (m, 2H), 4.21-4.13 (m, 2H), 3.86-3.80 (m,
1H), 2.10 (s, 3H)

Example 25

Methyl 6-[(1E)-3-{4-[(4-fluorophenoxy)methyl]
piperidin-1-y1}-3-oxoprop-1-en-1-yl]-2-0x0-1,2,3,4-
tetrahydro-1,8-naphthyridine-3-carboxylate (E25)

Step 1: tert-Butyl 4-[(4-fluorophenoxy)methyl|pip-
eridine-1-carboxylate

(@) (0]
\( Mitsunobu

N. _—

HO

4-Fluorophenol (520 mg, 4.64 mmol) and triphenylphos-
phine (1.22 g, 4.64 mmol) were added to a solution of N-boc-
piperidine-4-methanol (500 mg, 2.32 mmol) in anhydrous
THF (12 mL) under nitrogen. The reaction mixture was
cooled to 0° C. and DEAD (670 pL, 3.69 mmol) was added
dropwise. The solution was allowed to warm to room tem-
perature and stirred overnight. The reaction mixture was con-
centrated under reduced pressure then diluted with dichlo-
romethane and filtered. The filtrate was washed three times
with NaOH 0.2N, dried over Na,SO, and concentrated. The
residue was purified on column chromatography (eluent: pen-
tane/EtOAc 95/5) to give the title compound (538 mg, 75%)
as a yellow oil.

'H NMR (DMSO-d,, 300 MHz): § (ppm): 7.17-7.02 (m,
2H), 6.98-6.88 (m, 2H), 4.02-3.88 (m, 2H), 3.79 (d, J=6.3 Hz,
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2H), 2.83-2.60 (m, 2H), 1.96-1.79 (m, 1H), 1.79-1.64 (m,
2H), 1.39 (s, 9H), 1.23-1.04 (m, 2H).

Step 2: 4-[(4-Fluorophenoxy)methyl]piperidine
hydrochloride

O
X
HN@OOF

To a cooled solution of tert-butyl 4-[(4-fluorophenoxy)
methyl|piperidine-1-carboxylate (538 mg, 1.74 mmol; which
may be prepared as described in Step 1) in dichloromethane
(11.5 mL) was added dropwise HCI 4N in dioxane (8.5 mL).
The solution was warmed to room temperature and stirred for
1 h. The solvent was evaporated under reduced pressure to
give the title compound (416 mg, 97%) as a white solid.

'"H NMR (DMSO-d,, 300 MHz): § (ppm): 9.12-8.88 (m,
1H), 8.80-8.56 (m, 1H), 7.17-7.02 (m, 2H), 7.01-6.86 (m,
2H), 3.82 (d, J=6.6 Hz, 2H), 3.32-3.21 (m, 2H), 2.97-2.78 (m,
2H), 2.10-1.95 (m, 1H), 1.94-1.81 (m, 2H), 1.58-1.37 (m,
2H).

Step 3: Methyl 6-[(1E)-3-tert-butoxy-3-oxoprop-1-
en-1-yl]-2-0x0-1,2,3 4-tetrahydro-1,8-naphthyridine-
3-carboxylate

O
Br. / | o e Heck
x>
N N @]
H
oﬂ\ 0
o P\ | o/
™
N

N (6]
H

To a suspension of methyl 6-bromo-2-0x0-1,2,3,4-tetrahy-
dro-1,8-naphthyridine-3-carboxylate (300 mg, 1.06 mmol),
prepared asinJ. Med. Chem. 2003,46,9,1627-1635, in DMF
(1 mL) and proprionitrile (3.5 mL) under Argon were added
DIPEA (175 uL, 2.271 mmol), tert-butyl acrylate (615 mL,
4.24 mmol), tri(o-tolyl)phosphine (64 mg, 0.21 mmol) and
palladium acetate (48 mg, 0.21 mmol). The mixture was
stirred at 100° C. overnight. LCMS analysis showed that
some unreacted starting material was remaining, so 24 mg of
palladium acetate and 64 mg of tri(o-tolyl)phosphine were
added. After 5 h at 100° C., the reaction was allowed to come
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back to room temperature, filtered through Celite pad and
rinsed with methanol. The residue obtained after concentra-
tion was purified by flash chromatography (eluent: gradient
DCM/EtOACc) to give the title compound as an orange solid
(115 mg, 32%) contaminated with traces of tri(o-tolyl)phos-
phine oxide.

LCMS (ESI+) m/z 333 (M+H)*: 100%.

Step 4: (2E)-3-[6-(Methoxycarbonyl)-7-0x0-5,6,7,8-
tetrahydro-1,8-naphthyridin-3-yl]acrylic acid

>k o

7 |
X
N g 0]

OH (€]

o Z

O,

7 N
x
N N 0
H

To a solution of methyl 6-[(1E)-3-tert-butoxy-3-oxoprop-
1-en-1-yl]-2-0x0-1,2,3.4-tetrahydro-1,8-naphthyridine-3-
carboxylate (115 mg, 0.346 mmol; which may be prepared as
described in Step 3) in DCM (693 pL) at 0° C. under Argon
was added TFA (693 pL). The reaction was allowed to come
back to room temperature under stirring for 2 h and then
concentrated under vacuo to give the title compound (103 mg,
quantitative) as a brown solid. The product was used without
further purification.

LCMS (ESI+) m/z 277 (M+H)*: 100%.

Step 5: Methyl 6-[(1E)-3-{4-[(4-fluorophenoxy)me-
thyl]piperidin-1-y1}-3-oxoprop-1-en-1-yl]-2-0x0-1,2,
3,4-tetrahydro-1,8-naphthyridine-3-carboxylate
OH (€]
EDC1
o 7 N o
DIPEA, DMF
x
N N (6]
H
O\©\
6 F
N (€]
o N F | o
x
N N (6]
H

To a solution of (2E)-3-[6-(methoxycarbonyl)-7-0x0-5,6,
7,8-tetrahydro-1,8-naphthyridin-3-yl]acrylic acid (96 mg,
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0.35 mmol; which may be prepared as described in Step 4) in
DMF (8 ml.) were added 4-[(4-fluorophenoxy)methyl]|pip-
eridine hydrochloride (102 mg, 0.42 mmol; which may be
prepared as described in Step 2), DIPEA (144 ul, 0.83
mmol), 4-DMAP (17 mg, 0.14 mmol) and EDAC (80 mg,
0.42 mmol). The reaction mixture was stirred at room tem-
perature overnight and concentrated to dryness. The residue
was purified by flash chromatography on silica gel (eluent:
dichloromethane/MeOH from 100/0 to 80/20) to give a first
solid which is purified again on preparative TLC (eluent:
dichloromethane/MeOH 95/5) to give the title compound (15
mg, 8%) as a white solid.

LCMS (BSI+) m/z 463 (M+H)*: 100%.

{1 NMR (CDCl,, 400 MHz): & (ppm): 10.23 (s, 1H), 8.44
(s, 1H), 7.69 (s, 1H), 7.60 (d, I=16.0 Hz, 1H), 6.99-6.89 (m,
3H), 6.83-6.80 (m, 2H), 4.85-4.71 (m, 1H), 4.21-4.10 (m,
1H), 3.84-3.74 (m, 5H), 3.71 (t, J=6.9 Hz, 1H), 3.45-3.38 (m,
1H), 3.20-3.14 (m, 2H), 2.80-2.68 (m, 1H), 2.15-2.03 (m.
1H), 2.03-1.88 (m, 2H), 1.40-1.34 (m, 2H).

Examples 26 and 27

6-[(1B)-3-{4-[(4-Fluorophenoxy)methyl|piperidin-1-
yl}-3-oxoprop-1-en-1-yl]-2-0xo0-1,2,3,4-tetrahydro-
1,8-naphthyridine-3-carboxamide (E26); and
6-[(1B)-3-{4-[(4-Fluorophenoxy)methyl|piperidin-1-
yl}-3-oxoprop-1-en-1-yl]-2-0x0-1,2-dihydro-1,8-
naphthyridine-3-carboxamide (E27)

=

O —
0 7 N | o
X
N N @]
H
O\©\
6 F
N O
4
o 7 NF NH,
X
N N @]
H
Example 26
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A
N N O
H
Example 27

A solution of methyl 6-[(1E)-3-{4-[ (4-fluorophenoxy)me-
thyl]piperidin-1-y1}-3-oxoprop-1-en-1-yl]-2-0x0-1,2,3,4-
tetrahydro-1,8-naphthyridine-3-carboxylate (13 mg, 0.028
mmol) in ammonium hydroxide (33% in water, 0.5 mlL.) and
in ammonia (2M in ethanol, 0.5 mL) was stirred at 90° C. for
1 h30. The mixture was concentrated to dryness and the
residue was purified on preparative TLC (eluent: dichlo-
romethane/MeOH 90/10) to give 6-[(1E)-3-{4-[(4-fluo-
rophenoxy)methyl]piperidin-1-yl1}-3-oxoprop-1-en-1-yl]-2-
oxo0-1,2,3 4-tetrahydro-1,8-naphthyridine-3-carboxamide
(1.6 mg, 12%) as a white solid.

LCMS (ESI+) m/z 453 (M+H)*: 100%.

'HNMR (CDCl,, 400 MHz): 8 (ppm): 8.52 (s, 1H), 8.29 (5,
1H), 7.77 (s, 1H), 7.60 (d, J=16.0 Hz, 1H), 7.17 (br s, 1H),
7.02-6.94 (m, 2H), 6.90 (d, J=15.0 Hz, 1H), 6.85-6.80 (m,
2H), 5.50 (br s, 1H), 4.84-4.72 (m, 1H), 4.22-4.12 (m, 1H),
3.84-3.74 (m, 2H), 3.56 (t, J=7.4 Hz, 1H), 3.50-3.38 (m, 1H),
3.31-3.14 (m, 2H), 2.80-2.70 (m, 1H), 2.16-1.88 (m, 3H),
1.44-1.32 (m, 2H).

The second isolated fraction gave the oxidized derivative
(6-[(1E)-3-{4-[(4-fluorophenoxy)methyl]piperidin-1-y1}-3-
oxoprop-1-en-1-yl]-2-oxo0-1,2-dihydro-1,8-naphthyridine-
3-carboxamide) as a white solid (2.3 mg, 18%).

LCMS (ESI+) m/z 451 (M+H)*: 100%.

'H NMR (DMSO-d,, 400 MHz): § (ppm): 12.92 (s, 1H),
9.00 (d, J=2.0 Hz, 1H), 8.90 (d, J=3.9 Hz, 1H), 8.79-8.77 (m,
2H), 7.84 (d, J=4.3 Hz, 1H), 7.55 (d, J=15.0 Hz, 1H), 7.44 (d,
J=15.0 Hz, 1H), 7.13-7.08 (m, 2H), 6.97-6.93 (m, 2H), 4.58-
4.50 (m, 1H), 4.40-4.32 (m, 1H), 3.84 (d, J=6.4 Hz, 2H),
3.22-3.12 (m, 1H), 2.77-2.68 (m, 1H), 2.12-1.96 (m, 1H),
1.92-1.80 (m, 2H), 1.30-1.12 (m, 2H).

Example 28
3-(Hydroxymethyl)-6-[ (1E)-3-{4-[(4-fluorophenoxy)
methyl]piperidin-1-y1}-3-oxoprop-1-en-1-yl]-3,4-
dihydro-1,8-naphthyridin-2(1H)-one (E28)

Step 1:
1-Acryloyl-4-[(4-fluorophenoxy)methyl|piperidine

[0}
OOF
HN + —_—
CIH
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-continued
NC>_/

To a solution of acrylic acid (34 plL., 0.49 mmol) in dichlo-
romethane (2.4 mL) cooled at 0° C. was added 4-methylmor-
pholine (134 ul., 1.22 mol) and isobutyl chloroformate (74
pl, 0.57 mmol). The solution was stirred 15 minutes at 0° C.
and then 4-[(4-fluorophenoxy)methyl|piperidine hydrochlo-
ride (100 mg, 0.41 mmol) was added. The mixture was stirred
at room temperature overnight, diluted with water (7 mL) and
extracted twice with DCM (2x5 mL). The combined organic
phases were washed with water, dried over sodium sulphate
and concentrated in vacuo. The residue obtained was purified
by preparative TLC (eluent: dichloromethane/MeOH 95/5) to
give the title compound (30 mg, 28%) as a yellow oil.

LCMS (BSI+) m/z 264 (M+H)*: 100%.

Step 2: 6-Bromo-3-(hydroxymethyl)-3,4-dihydro-1,
8-naphthyridin-2(1H)-one

O
Br. -
x o
=
N N @]
H
Br.
AN OH
=
N N (@]
H

To a suspension of methyl 6-bromo-2-0x0-1,2,3,4-tetrahy-
dro-1,8-naphthyridine-3-carboxylate (285 mg, 1 mmol) in
THF (10 mL) under Argon at room temperature was added
sodium borohydride (151 mg, 4 mmol). The reaction mixture
was stirred at 60° C. for 4 h, then diluted in EtOAc and washed
four times with a NH,CI solution (pH=6.5). The white
organic phase was filtered to give the title compound con-
tained by impurities as a white solid (59 mg). The filtrate was
dried over sodium sulphate, filtered and concentrated in
vacuo to give a yellow solid (143 mg). The crude was purified
by preparative TLC (eluent: dichloromethane/MeOH 93/7) to
give the title compound (10 mg, 4%) as a white solid.

LCMS (BSI+) m/z 257/259 (M+H)*: 100%.
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Step 3: 3-(Hydroxymethyl)-6-[(1E)-3-{4-[(4-fluo-
rophenoxy)methyl]piperidin-1-yl1}-3-oxoprop-1-en-
1-y1]-3,4-dihydro-1,8-naphthyridin-2(1H)-one

/YO
N
OH 4 ig —
(0]
|
F

Br

\
==

|\ OH

\
=z
o

To a suspension of 6-bromo-3-(hydroxymethyl)-3,4-dihy-
dro-1,8-naphthyridin-2(1H)-one (10 mg, 0.039 mmol; which
may be prepared as described in Step 2) in DMF (200 plL) and
proprionitrile (200 plL) under Argon were added DIPEA (8
pul, 0.047 mmol), 1-acryloyl-4-[(4-fluorophenoxy)methyl]
piperidine (14 mg, 0.053 mmol; which may be prepared as
described in Step 1), tri(o-tolyl)phosphine (2 mg, 0.008
mmol) and palladium acetate (1 mg, 0.004 mmol). The mix-
ture was stirred at 100° C. for 2 days, then was allowed to
come back to room temperature, filtered through Celite pad.
The residue obtained after concentration of the filtrate was
purified by preparative TLC (eluent: DCM/MeOH 9/1) to
give the title compound as a white solid (1 mg, 6%).

LCMS (ESI+) m/z 440 (M+H)*: 100%.

'H NMR (CDCl,, 400 MHz): & (ppm): 8.31 (s, 1H), 8.20
(br s, 1H), 7.70-7.58 (m, 2H), 6.99-6.80 (m, 5H), 4.84-4.72
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(m, 1H), 4.22-4.10 (m, 1H), 4.03-3.87 (m, 2H), 3.85-3.72 (m,
2H), 3.25-3.13 (m, 1H), 3.03-2.61 (m, 5H), 2.15-1.87 (m,
3H), 1.44-1.31 (m, 2H).

Example 29

(E)-6-(3-Ox0-3-(3-(2-(thiophen-2-yl)ethoxy )azeti-
din-1-yl)prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-
2(1H)-one (E29)

Step 1: 1-Benzhydrylazetidin-3-yl methanesulfonate

Q MsCl, NEt3, DCM,
r.t.

B ————_

HO {>N

MsO ~<>N

Triethylamine (870 ml, 62.67 mmol) and mesyl chloride
(390 uL, 50.13 mmol) were successively added to a solution
of 1-benzhydrylazetan-3-ol (1.0 g, 41.78 mmol) in dichlo-
romethane (10 mL) at room temperature. The reaction mix-
ture was stirred for 1 hour and then diluted by addition of
water (20 mL). The aqueous phase was separated and
extracted with dichloromethane (2x40 mL). The combined
organic phases were washed with a saturated solution of
sodium chloride (40 mL), dried over sodium sulfate, filtered
and concentrated to dryness. The title compound was
obtained as a yellow solid (1.5 g, 100%).

'HINMR (CDCl,, 400 MHz): & (ppm): 7.41-7.19 (m, 10H),
5.12 (q, I=6 Hz, 1H), 4.41 (s, 1H), 3.68-3.66 (m, 2H), 3.23-
2.21 (m, 2H), 2.9 (s, 3H).

Step 2:
1-Benzhydryl-3-(2-(thiophen-2-yl)ethoxy)azetidine

i O\/\
7 OH
u-waves, 110° C., 30 min
O

MsO
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-continued

oA

A solution of 1-benzhydrylazetidin-3-yl methanesulfonate
(324 mg, 1.0 mmol) in thiophene ethanol (2.3 mlL, 20.4
mmol) was stirred under microwave irradiations (100 W) at
110° C. for 30 minutes. The reaction mixture was then parti-
tioned between dichloromethane (20 ml) and a solution of
sodium hydroxyde (1N, 10 mL). The aqueous layer was sepa-
rated and extracted with dichloromethane (2x10 mL). The
combined organic phases were dried over sodium sulfate,
filtered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using petroleum ether/ethyl
acetate (85:15) as eluent. The title product was obtained as a
yellow solid (210 mg, 59%).

LCMS (ESI-APCI) m/z 350.2 (M+H)"

Step 3: 3-(2-(Thiophen-2-yl)ethoxy)azetidine
hydrochloride hydrochloride

15

20

25
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Step 4: (E)-6-(3-Ox0-3-(3-(2-(thiophen-2-yl)ethoxy)
azetidin-1-yl)prop-1-enyl)-3,4-dihydro-1,8-naphthy-
ridin-2(1H)-one

NH
o ):1

*HC1

EDCI, HOBt, DIEA, DMF, r.t.

[@]
PN LN*/AE\IL
/ 0 N/ N ]
H

3-(2-(Thiophen-2-yl)ethoxy )azetidine hydrochloride (128
mg, 0.6 mmol), EDCI (113 mg, 0.6 mmol), HOBt (80 mg, 0.6
mmol) and diisopropylethylamine (170 pL, 1.0 mmol) were
successively added to a solution of (E)-3-(7-0x0-5,6,7,8-tet-
rahydro-1,8-naphthyridin-3-yl)-acrylic acid hydrochloride
(100 mg, 0.4 mmol) in dimethylformamide (10 mL) at room
temperature. The reaction mixture was stirred overnight and
then partitioned between ethyl acetate (40 mL) and water (20
ml). The aqueous layer was separated and extracted with

1) ACE—Cl, DCM, 0° C. to r.t.

2) EtOH, r.t. to 45° C.

1-Chloroethylchloroformate (361 pl, 3.33 mmol) was 55

added to a solution of 1-benzhydryl-3-(2-(thiophen-2-yl)
ethoxy)azetidine (1.11 g, 3.17 mmol) in dichloromethane (15
ml) at room temperature. The reaction mixture was stirred
overnight at room temperature, then 1 hour at 70° C. After
cooling down to room temperature, ethanol (15 mL) was
added and the reaction mixture was stirred at 70° C. for 1
hour. After concentration to dryness, the crude mixture was
triturated in pentane (2x15 mL) to give a yellow oil (698 mg,
quantitative) which was used in the next step without further
purification.
LCMS (ESI-APCI) m/z 184.2 (M+H)"

60

65

ethyl acetate (2x20 mL). The combined organic phases were
washed with a saturated solution of sodium chloride (3x30
mL), dried over sodium sulfate and concentrated to dryness.
The residue was purified by chromatography on silica gel,
using dichloromethane/methanol (99:1to 95:5) as eluent. The
residue was triturated with acetone to give a white solid (40
mg, 27%).

LCMS (ESI-APCI) 384.1 m/z (M+H)*

'"H NMR (DMSO-d,, 400 MHz): 8 (ppm): 10.68 (s, NH),
8.34 (s, 1H), 8.01 (s, 1H), 7.4 (d, J=15.6 Hz, 1H), 7.36-7.33
(m, 1H), 6.97-6.82 (m, 2H), 6.72 (d, I=15.6 Hz, 1H), 4.50-
4.38 (m, 2H), 4.14-4.03 (m, 2H), 3.77-3.70 (m, 1H), 3.63-
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3.59 (m, 2H), 3.07 (t, I=6.2 Hz, 2H), 2.91 (t, J=7.6 Hz, 2H),
2.5 (t, I=7.6 Hz, 2H). The CH, at 2.5 ppm is partially hidden
by DMSO.

Example 30

(E)-6-(3-Ox0-3-(3-(3-(thiophen-2-yl)propoxy)azeti-
din-1-yl)prop-1-enyl)-3,4-dihydro-1,8-naphthyridin-
2(1H)-one (E30)

Step 1: 3-(2-Thienyl)propanol

BoranesMe,S
O complex, THF,

0°C.tort.
S >

\ | OH

S

\

OH

Borane methylsulfide complex (6.4 mL, 12.8 mmol) was
added to a solution of 3-(2-thienyl)propanoic acid (1.0 g, 6.4
mmol) in THF (18 mL) at 0° C. The reaction mixture was
stirred at 0° C. for 2 hours and at room temperature for 3
additional hours. After cooling down to 0° C., the reaction
was quenched by addition of'a saturated solution of potassium
carbonate (5 mL). The aqueous layer was separated and
extracted with ethyl acetate (2x15 mL) and diethyl ether
(2x15 mL). The combined organic phases were dried over
sodium sulfate, filtered and concentrated to dryness. The title
compound was obtained as a colorless oil (1.0 g, 100%).

'H NMR (CDCL,, 400 MHz): & (ppn): 7.18-7.17 (m, 1H),
6.99-6.96 (m, 1H), 6.87-6.86 (m, 1H), 3.79-3.74 (m, 2H), 3.0
(t, J=7.6 Hz, 2H), 2.4-1.97 (m, 2H).

Step 2: 2-(3-Chloropropyl)thiophene

SOCL, THF, rt. to 50° C.

S

L

OH

S

U

Cl

Thionyl chloride (420 L., 5.7 mmol) was added to a solu-
tion of 3-(2-thienyl)propanol (682.0 mg, 4.8 mmol) in THF (3
ml) at room temperature. The reaction mixture was stirred at
50° C. for 2 hours and then concentrated to dryness to afford
the title compound as a brown oil. The product was used in the
next step without further purification.
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11 NMR (DMSO-dg, 400 MHz): & (ppm): 7.34-7.32 (m,
1H), 6.96-6.94 (m, 1H), 6.89-6.88 (m, 1H), 3.69-3.63 (m.
2H), 2.84 (t, J=7.6 Hz, 2H), 2.08-2.01 (m, 2H).

Step 3:
1-Benzhydryl-3-(3-(thiophen-2-yl)propoxy)azetidine

1) NaH, DMF, rt.

2)Cl

HO

80° C.

S

AN

\

Sodium hydride (60% in oil, 200.0 mg, 5 mmol) was added
to a solution of 1-benzhydryl-3-azetidin-3-o0l (500.0 mg, 2.1
mmol) in dimethylformamide (3 mL) at room temperature.
The mixture was stirred for 30 minutes prior to the addition of
2-(3-chloropropyl)thiophene (772.0 mg, 4.8 mmol) in solu-
tion in dimethylformamide (2 mL). The reaction mixture was
stirred at 80° C. overnight then concentrated to dryness. The
residue was partitioned between ethyl acetate (30 mL) and
water (30 mL). The aqueous layer was separated and
extracted with ethyl acetate (2x15 mL). The combined
organic phases were washed with a saturated solution of
sodium chloride (3x30 mL), dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using petroleum ether/ethyl
acetate (99:1 to 90:10) as eluent. The title product was
obtained as a yellow oil (320 mg, 42%).

LCMS (BSI-APCI) m/z 364.2 (M+H)*
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Step 4:
3-(4-Methyl-thiophen-2-ylmethoxy)-azetidine
hydrochloride
N 1) ACE—CL, DCM, 0° C.
):‘ 2) BtOH, rt.
(6]
S
U
s

0 *HC1

S

\

1-Chloroethyl chloroformate (65.5 plL, 21.5 mmol) was
added to a solution of 1-benzhydryl-3-(3-(thiophen-2-yl)pro-
poxy)azetidine (220 mg, 0.61 mmol) in dichloromethane (7
ml) at 0° C. The reaction mixture was stirred 2 hours at 0° C.
and then allowed to warm up to room temperature. Ethanol (9
ml) was added and the reaction mixture was stirred for 2
additional hours at room temperature. After concentration to
dryness, the crude mixture was triturated in pentane (2x15
ml) to give a brown solid (140 mg, quantitative) which was
used in the next step without further purification.

LCMS (ESI-APCI) m/z 198.2 (M+H)"

Step 5: (E)-6-(3-Ox0-3-(3-(3-(thiophen-2-yl)pro-
poxy)azetidin-1-yl)prop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one

10

15
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90

hydrochloride (100.0 mg, 0.4 mmol) in dimethylformamide
(10 mL) at room temperature. The reaction mixture was
stirred overnight and then partitioned between ethyl acetate
(30 mL) and water (30 mL.). The aqueous layer was separated
and extracted with ethyl acetate (2x20 mL). The combined
organic phases were washed with a saturated solution of
sodium chloride (3x30 mL), dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel using dichloromethane/
methanol (99:1 to 95:5) as eluent. The residue was triturated
in acetone to give the title compound as a white solid (40.0
mg, 27%).

LCMS (ESI-APCI) 398.1 m/z (M+H)"

! NMR (DMSO-d,, 400 MHz): 8 (ppm): 10.69 (br s, NH),
8.34 (s, 1H), 8.02 (s, 1H), 7.40 (d, J=15.6 Hz, 1H), 7.34-7.31
(m, 1H), 6.96-6.94 (m, 1H), 6.88-6.87 (m, 1H), 6.72 (d,
J=15.6 Hz, 1H), 4.49-4.47 (m, 1H), 4.45 (m, 1H), 4.34-4.06
(m, 2H), 3.76-3.72 (m, 1H), 3.42 (t, J=7.6 Hz, 2H), 2.92-2.85
(m, 4H), 2.55 (t,J=7.6 Hz, 2H), 1.9-1.83 (m, 2H). The CH, at
2.5 ppm is partially hidden by DMSO.

Example 31
(E)-6-(3-(3-((3-Methylthiophen-2-yl)methoxy)azeti-
din-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-naph-
thyridin-2(1H)-one (E31)

Step 1: (3-Methylthiophen-2-yl)methanol

S S
o? NaBH,, EtOH/toluene HO

W, W,

0°C.tort.

Sodium borohydride (718 mg, 19.02 mmol) was added
portionwise, at 0° C., to a solution of 3-methylthiophene-2-
carbaldehyde (2.0 g, 15.85 mmol) in a mixture of ethanol and

o
0 S \
HO 7 x N
| EDCI, HOBt, DIEA, DMF, r.t.
Z
N N 0
H
HCI
0
/C/N 7 AN
s
=
| 0 N N 0
\ H

3-(4-Methyl-thiophen-2-ylmethoxy)-azetidine hydrochlo-
ride (128.0 mg, 0.6 mmol), EDCI (113. mg, 0.6 mmol), HOBt
(80.0 mg, 0.6 mmol) and diisopropylethylamine (170 pL., 1.0
mmol) were successively added to a solution of (E)-3-(7-0xo-
5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)-acrylic acid

toluene (1:1, 12 mL). The reaction mixture was stirred 2 hours
at room temperature and then partitioned between ethyl
acetate (15 mL) and water (15 mL). The aqueous layer was
separated and extracted with ethyl acetate (3x45 mL). The
combined organic phases were washed with a saturated solu-
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tion of sodium chloride (1x10mlL), dried over sodium sulfate,
filtered and concentrated under vacuum to give the title prod-
uct as a pink oil (2.24 g, 99%).

! NMR (CDCl,, 400 MHz): § (ppm): 7.16 (d, J=5.2 Hz,
1H), 6.84 (d, J=5.2 Hz, 1H), 4.76 (s, 2H), 2.23 (s, 3H). 5

Step 2: 2-(Chloromethyl)-3-methylthiophene

10
S,

W,

HO SOCL, THF  Cl

—_—

50°C.

W,

Thionyl chloride (430 uL, 5.8 mmol) was added at 0° C. to B

a solution of (3-methylthiophen-2-yl)methanol (624 mg, 4.8
mmol) in tetrahydrofuran (3 mL). The reaction mixture was
stirred 2 hours at 50° C. then concentrated to dryness. The title
compound was used in the next step without further purifica-
tion.

Step 3: 1-Benzhydryl-3-((3-methylthiophen-2-y1)
methoxy)azetidine

25

30
1) NaH, DMF, rt.

35

Sodium hydride (60% in oil, 106 mg, 2.3 mmol) was added 50
to a solution of 1-benzhydryl-3-azetidin-3-0l (580 mg, 2.0
mmol) in dimethylformamide (3 mL) at room temperature.
The reaction mixture was stirred at room temperature for 30
minutes prior to the addition of 2-(chloromethyl)-3-methylth-
iophene (714 mg, 4.8 mmol) in solution in dimethylforma-
mide (2 mL). The reaction mixture was stirred at 80° C.
overnight and cooled to room temperature. The mixture was
then partitioned between ethyl acetate (30 mL) and water (30
mL). The aqueous layer was separated and extracted with
ethyl acetate (3x20 mL). The combined organic phases were
washed with a saturated solution of sodium chloride (3x30
ml), dried over sodium sulfate, filtered and concentrated to
dryness. The residue was purified by chromatography on
silica gel, using petroleum ether/ethyl acetate (95:5 to 9:1) as
eluent. The title product was obtained as a yellow 0il (267 mg,
36%)

LCMS (ESI-APCI) m/z 350.2 (M+H)" .
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Step 4:
3-((3-Methylthiophen-2-yl)methoxy)azetidine
hydrochloride

o

O 1) ACE—CI, DCM, 0° C. to ..
N
2) EtOH, 35° C.
S )
QL
)jH
5 © “HCl
1-Chloroethyl chloroformate (90 ulL, 0.84 mmol) was

added to a solution of 1-benzhydryl-3-((3-methylthiophen-2-
yDmethoxy)azetidine (290 mg, 0.83 mmol) in dichlo-
romethane (9 mL) at 0° C. The reaction mixture was stirred 3
hours, then 30 minutes at room temperature. Ethanol (9 mL)
was added and the reaction mixture was stirred at 35° C. foran
additional 3 hours. After concentration to dryness, the crude
was triturated in pentane to give a yellow solid (200 mg,
quantitative) which was used in the next step without further
purification.

'HNMR (CDCl,, 400 MHz): § (ppm): 9.79 (s, 1H), 9.50 (s,
1H), 7.19 (d, J=5.6 Hz, 1H), 6.82 (d, J=5.6 Hz, 1H), 4.57 (s,
2H), 4.50-4.46 (m, 1H), 4.06-4.01 (m, 2H), 3.94-3.89 (m,
2H), 2.23 (s, 3H).

Step 5: (E)-6-(3-(3-((3-Methylthiophen-2-yl)meth-
oxy )azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,
8-naphthyridin-2(1H)-one

Jas

s o o
U

EDCL, HOBt, DIEA, DMF, r.t.

=

P
N N (6]
H

HCl
(€]
e ool
S
F
© N N (6]
H

\

HO /l

3-((3-methylthiophen-2-yl)methoxy)azetidine hydrochlo-
ride (129.0 mg, 0.6 mmol), EDCI (112.0 mg, 0.6 mmol),
HOBt (82.0 mg, 0.6 mmol) and diisopropylethylamine (170
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ul, 1.0 mmol) were successively added to a solution of (E)-
3-(7-Ox0-5,6,7 8-tetrahydro-1,8-naphthyridin-3-yl)-acrylic
acid hydrochloride (100.0 mg, 0.4 mmol) in dimethylforma-
mide (10 mL) at room temperature. The reaction mixture was

stirred overnight and then partitioned between ethyl acetate 5

(30 mL) and water (30 mL.). The aqueous layer was separated
and extracted with ethyl acetate (2x20 mL.). The combined
organic phases were washed with a saturated solution of
sodium chloride (3x30 mL), dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using dichloromethane/
methanol (100:0 to 95:5) as eluent. The residue was triturated
in acetone to give a white solid (66.0 mg, 44%).

LCMS (ESI-APCI) m/z 384.2 (M+H)*

'H NMR (CDCl,, 400 MHz): 8 (ppm): 8.67 (br s, NH),
8.32 (s, 1H), 7.63 (s, 1H), 7.57 (d, J=15.6 Hz, 1H), 7.21 (d,
J=4.8 Hz, 1H), 6.85 (d, J=4.8 Hz, 1H), 6.39 (d, J=15.6 Hz,
1H), 4.62-4.61 (m, 2H), 4.46-4.40 (m, 2H), 4.28-4.23 (m,
1H), 4.16-4.14 (m, 1H), 4.01-3.98 (m, 1H), 2.99 (t, J=8 Hz,
2H), 2.69 (t, J=8 Hz, 2H), 2.25 (s, 3H).

Example 32
6-[3-(3-(4-Methyl-thiophen-2ylmethoxy)-azetidin-1-
yD)-3-0xo-propenyl]-3,4-dihydro-1H-[ 1,8]naphthyri-

din-2-one (E32)

Step 1: (4-Methyl-thiophen-2-yl)methanol

s s
& HO
| / NaBH,, EtOH/toluene | /

0°C.tort.

Sodium borohydride (719.0 mg, 19 mmol) was added to a
solution of 4-methylthiophene-2-carbaldehyde (2.0 g, 15.8
mmol) in a mixture of ethanol and toluene (1:1, 12 mL) at 0°
C. The reaction mixture was stirred for 2 hours at room
temperature and then directly partitioned between water (10
ml) and ethyl acetate (15 mL). The aqueous layer was sepa-
rated and extracted with ethyl acetate (2x20 mL). The com-
bined organic phases were washed with a saturated solution
of sodium chloride, dried over sodium sulfate, filtered and
concentrated to dryness. The title product was obtained as a
yellow oil (2.1 g, 95%).

'"HNMR (CDCl, 400 MHz): 8 (ppm): 6.85 (s, 1H), 6.83 (s,
1H), 4.76 (d, J=5.6 Hz, 2H), 2.34 (s, 3H), 1.81 (t, J=6 Hz,
OH).

Step 2: 2-Chloromethyl-4-methyl-thiophene

S S,

cl
| SOCL,, THF |
/ . /

HO

50°C.

Thionyl chloride (1.3 mlL, 17.7 mmol) was added to a
solution of (4-methyl-thiophen-2-yl)methanol (1.9 g, 14.8
mmol) in tetrahydrofuran (7 mL) at 0° C. The reaction mix-
ture was stirred at 50° C. for 2 hours then concentrated to
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dryness. The title product was obtained as a brown oil (2.17 g,
quantitative) which was used in the next step without further
purification.

Step 3: 1-Benzhydryl-3-(4-methyl-thiophen-2-yl-
methoxy)-azetidine

1) NaH, DMF, rt.

Cl
2)

| / 80° C.

Sodium hydride (60% in oil, 88.0 mg, 2.3 mmol) was
added to a solution of 1-benzhydryl-3-azetidin-3-o0l (500 mg,
2.0 mmol) in dimethylformamide (3 mL) at room tempera-
ture. The reaction mixture was stirred for 30 minutes prior to
the addition of 2-chloromethyl-4-methyl-thiophene (714 mg,
4.8 mmol) in solution in dimethylformamide (2 mL). The
reaction mixture was stirred at 80° C. overnight and cooled to
room temperature. The mixture was then partitioned between
ethyl acetate (30 ml) and water (30 mL). The aqueous layer
was separated and extracted with ethyl acetate (2x30 mL).
The combined organic phases were washed with a saturated
solution of sodium chloride (3x30 mL), dried over sodium
sulfate, filtered and concentrated to dryness. The residue was
purified by chromatography on silica gel, using petroleum
ether/ethyl acetate (95:5 to 90:10) as eluent. The title product
was obtained as a yellow solid (400 mg, 55%).

LCMS (BSI-APCI) m/z 350.2 (M+H)*

Step 4:
3-(4-Methyl-thiophen-2-ylmethoxy)-azetidine
hydrochloride

v
70

1) ACE—cl,
DCM, 0° C. to r.t.
_— -

2) EtOH, 35° C.

s
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-continued

1-Chloroethyl chloroformate (50.0 pl, 0.4 mmol) was
added to a solution of 1-benzhydryl-3-(4-methylthiophen-2-
ylmethoxy)-azetidine (150.0 mg, 0.4 mmol) in dichlo-
romethane (4.5 mL) at 0° C. The reaction mixture was stirred
3 hours, then 30 minutes at room temperature. Ethanol (6 mL.)
was added and the reaction mixture was stirred at 35° C. foran
additional 4 hours. After concentration to dryness, the crude
was triturated in pentane (2x10 mL) to give a yellow solid
(94.0 mg, quantitative) which was used in the next step with-
out further purification.

'"HNMR (DMSO-dg, 400 MHz): 8 (ppm): 8.99 (brs, NH.,),
7.12 (s, 1H), 6.92 (s, 1H), 4.61 (s, 2H), 4.45-4.42 (m, 1H),
4.11-4.05 (m, 2H), 3.78-3.75 (m, 2H), 2.19 (s, 3H).

Step 5: 6-[3-(3-(4-Methyl-thiophen-2ylmethoxy)-
azetidin-1-yl)-3-oxo-propenyl]-3,4-dihydro-1H-[ 1,8]
naphthyridin-2-one

ﬁ !
o <HCl
O =
\_§
HO v AN
| P EDCI, HOB, DIEA, DMF, r.t.
N N O
H
HCI
O
/C/N Z AN
RSN o) =
N N 0]
\ H
S

3-(4-methyl-thiophen-2-ylmethoxy)-azetidine hydrochlo-
ride (128.0 mg, 0.6 mmol), EDCI (113.0 mg, 0.6 mmol),
HOBt (80.0 mg, 0.6 mmol) and diisopropylethylamine (170
ul, 1.0 mmol) were successively added to a solution of (E)-
3-(7-Ox0-5,6,7 8-tetrahydro-1,8-naphthyridin-3-yl)-acrylic
acid hydrochloride (100.0 mg, 0.4 mmol) in dimethylforma-
mide (10 mL) at room temperature. The reaction mixture was
stirred at room temperature overnight and then partitioned
between ethyl acetate (20 ml.) and water (20 mL). The aque-
ous layer was separated and extracted with ethyl acetate
(2x20 ml). The combined organic phases were washed with a
saturated solution of sodium chloride (3x20 mL.), dried over
sodium sulfate, filtered and concentrated to dryness. The resi-
due was purified by chromatography on silica gel, using
dichloromethane/methanol (99:1 to 95:5) as eluent. The resi-
due was triturated with acetone to give a white solid (40 mg,
27%).

LCMS (ESI-APCI) 384.2 m/z (M+H)"

'H NMR (CDCl,, 400 MHz): 8 (ppm): 8.39 (br s, NH),
8.30 (s, 1H), 7.64 (s, 1H), 7.57 (d, J=15.6 Hz, 1H), 6.90 (s,
1H), 6.84 (s, 1H), 6.39 (d, J=15.6 Hz, 1H), 4.62 (s, 2H),

96
4.47-439 (m, 2H), 4.28-4.24 (m, 1H), 4.18-4.15 (m, 1H),
4.02-3.99 (m, 1H), 3.00 (t, I=7.2 Hz, 2H), 2.70 (t, I=7.6 Hz,
2H), 2.24 (s, 3H).

Example 33

(E)-6-(3-(3-((5-Methylthiophen-2-yl)methoxy)azeti-
din-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-naph-

10 thyridin-2(1H)-one (E33)

Step 1: (5-Methyl-thiophen-2-yl)-methanol
15

O/ R NaBHy4, EtOH/toluene

| / 0°C.tort.

20
HO | S

25

Sodium borohydride (720 mg, 19.02 mmol) was added to a
solution of 5-methyl-thiophene-2-carbaldehyde (2.0 g, 15.85
mmol) in a mixture of ethanol and toluene (1:1, 12 mL) at 0°
C. The reaction mixture was stirred 2 hours at room tempera-
ture and then partitioned between water (15 mL) and ethyl
acetate (15 mL). The aqueous layer was separated and
extracted with ethyl acetate (2x30 ml). The combined
organic phases were washed with a saturated solution of
sodium chloride (20 mL), dried over sodium sulfate, filtered
and concentrated to dryness. The title product was obtained as
a yellow oil (2.01 g, 99%).

'HNMR (CDCl,, 400 MHz): 8 (ppm): 6.79 (d, J=2.8 Hz,

1H), 6.61 (d, =2.8 Hz, 1H), 4.73 (s, 2H), 2.47 (s, 3H).
40

Step 2: 2-(Chloromethyl)-5-methylthiophene

45

SOCL,, NEt;, DCM,

0° C. to reflux
B

S

W,

50 S

Cl | /

HO

35 Triethylamine (2.2 mL, 16.0 mmol) and a solution of thio-

nyl chloride (1.3 mL, 17.7 mmol) in dichloromethane (20
ml) were successively added to a solution of (5-methyl-
thiophen-2-yl)-methanol (1.9 g, 14.6 mmol) in dichlo-
romethane (20 mL) at 0° C. The reaction mixture was stirred
2 hours at reflux then cooled to room temperature. The mix-
ture was then partitioned between water (15 mL) and ethyl
acetate (20 mL). The organic phase was separated, dried over
sodium sulfate, filtered and concentrated to dryness. The resi-
due was purified by chromatography on silica gel, using
petroleum ether/ethyl acetate (10:0 to 9:1) as eluent. The title
product was obtained as a brown oil (1.5 g, 71%).
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'H NMR (CDCl,, 400 MHz): § (ppm): 6.87 (d, 1=3.2 Hz,
1H), 6.59 (d, I=3.2 Hz, 1H), 4.75 (s, 2H), 2.47 (s, 3H).

Step 3: 1-Benzhydryl-((5-methylthiophen-2-yl)meth-

oxy)-azetidine
1) NaH, DMF, r.t.
N O cl S
| 2) | :

ot

Sodium hydride (60% in oil, 204.0 mg, 5.1 mmol) was
added to a solution of 1-benzhydryl-3-azetidin-3-0l (816.0
mg, 3.4 mmol) in dimethylformamide (10 mL) at room tem-
perature. The reaction mixture was stirred for 30 minutes
prior to the addition of 2-(chloromethyl)-5-methylthiophene
(1.5 g, 10.2 mmol) in solution in dimethylformamide (5 mL).
The reaction mixture was stirred at 50° C. for 60 hours and
cooled to room temperature. The reaction mixture was then
partitioned between ethyl acetate (20 mL) and water (20 mL).
The aqueous layer was separated and extracted with ethyl
acetate (2x20 mL). The combined organic phases were
washed with a saturated solution of sodium chloride (3x30
mL). The organic phase was dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using petroleum ether/ethyl
acetate (90:10) as eluent. The title product was obtained as a
yellow solid (580.0 mg, 49%).

LCMS (ESI-APCI) m/z 350.2 (M+H)"

50°C.

Step 4:
3-((5-Methylthiophen-2-yl)methoxy)-azetidine
hydrochloride

el

\@/\O /QNH “HCI

1-Chloroethyl chloroformate (198 plL, 1.8 mmol) was
added to a solution of 1-benzhydryl-((5-methylthiophen-2-
yDmethoxy)-azetidine (580.0 mg, 1.6 mmol) in dichlo-
romethane (10 mL) at 0° C. The reaction mixture was stirred

1) ACE
DCM, 00 c tord.

2) MeOH, r.t to 35° C.
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for 1 h30 at the same temperature and 30 minutes at room
temperature. Methanol (10 mL) was then added and the reac-
tion mixture was stirred for an additional 3 hours at 35° C.
After concentration to dryness, the crude was triturated in
petroleum ether (10 mL) and diethyl ether (10 mL) to give a
yellow oil (190 mg, 52%) which was used in the next step
without further purification.

'HNMR (DMSO-d,, 400 MHz): & (ppm): 8.87 (brs, NH.,),
6.89 (d, J=2.8 Hz, 1H), 6.69 (d, J=2.8 Hz, 1H), 4.57 (s, 2H),
4.44-4.40 (m, 1H), 4.07-4.04 (m, 2H), 3.78-3.75 (m, 2H),
2.43 (s, 3H).

Step 5: (E)-6-(3-(3-((5-Methylthiophen-2-yl)meth-

oxy )azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,
8-naphthyridin-2(1H)-one

Jas

g (@)

o | “HCI
HO / \
| EDCL, HOBt, DIEA, DMF, rt.
P
N N7 o
H
HCL

DU e ol

3-((5-Methylthiophen-2-yl)methoxy)-azetidine ~ hydro-
chloride (190.0 mg, 0.9 mmol), EDCI (190.0 mg, 1.0 mmol),
HOBt (137 mg, 1.0 mmol) and diisopropylethylamine (287
ul, 1.6 mmol) were successively added to a solution of (E)-
3-(7-Oxo0-5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)-acrylic
acid hydrochloride (168.0 mg, 0.7 mmol) in dimethylforma-
mide (15 mL) at room temperature. The reaction mixture was
stirred overnight and then partitioned between ethyl acetate
(30 mL) and water (30 mL.). The aqueous layer was separated
and extracted with ethyl acetate (2x30 ml). The combined
organic phases were washed with a saturated solution of
sodium chloride (3x30 mL), dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using dichloromethane/
methanol (98:2 to 95:5) as eluent. The residue was triturated
in diethyl ether to give a yellow solid (74.0 mg, 30%).

LCMS (ESI-APCI) 384.1 m/z (M+H)*

'H NMR (DMSO-d,, 400 MHz): & (ppm): 10.68 (br s,
NH), 8.33 (s, 1H), 8.01 (s, 1H), 7.39 (d, J=15.6 Hz, 1H), 6.89
(d, J=3.2 Hz, 1H), 6.7 (d, J=15.6 Hz, 1H), 6.69 (d, J=3.2 Hz,
1H), 4.57 (s, 2H), 4.46-4.41 (m, 2H), 4.12-4.06 (m, 2H),
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3.73-3.69 (m, 1H), 2.89 (t, J=8 Hz, 2H), 2.50 (t, J=8 Hz, 2H),
2.43 (s, 3H). The CH, at 2.5 ppm is partially hidden by
DMSO.

Example 34

(E)-6-[3-(2-Methoxyethoxy)azetidin-1-y1)-3-0xo0-
prop-1-enyl]-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E34)

Step 1:
1-Benzhydryl-3-(2-methoxyethoxy)-azetidine

1) NaH, DMF, rt.

2 AN,

r.t.

10

20

25

30

35

Sodium hydride (60% in oil, 55.0 mg, 1.4 mmol) was
added to a solution of 1-benzhydryl-3-azetidin-3-ol (300 mg,
1.2 mmol) in dimethylformamide (2.6 mL) at room tempera-
ture. The reaction mixture was stirred for 30 minutes prior to
the addition of 1-bromo-2-methoxyethane (1.5 ml, 1.9
mmol). The reaction mixture was stirred overnight and then
directly partitioned between dichloromethane (20 mL) and
water (20 mL). The aqueous phase was separated and
extracted with dichloromethane (2x30 mL). The combined
organic layer were washed with a saturated solution of
sodium chloride (3x30 mL), dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using pentane/ethyl acetate
(98:2 10 80:20) as eluent. The title product was obtained as an
orange oil (230 mg, 62%).

LCMS (ESI-APCI) m/z 298.0 (M+H)".

50

55

100
Step 2: 3-(2-Methoxyethoxy)-azetidine
hydrochloride

1) ACE—CI, DCE, 70° C.

):I‘\I O 2) MeOH, 70° C.

/O\/\o

1-Chloroethyl chloroformate (102 pl, 0.9 mmol) was
added to a solution of 1-benzhydryl-3-(2-methoxyethoxy)-
azetidine (215 mg, 0.7 mmol) in 1,2-dichloroethane (3 mL.) at
room temperature. The reaction mixture was then heated up
to 70° C. and stirred for 2.5 hours. After cooling down to room
temperature, methanol (3 ml.) was added and the reaction
mixture was stirred overnight at 70° C. The mixture was then
concentrated to dryness and the residue was triturated in
pentane (2x15 mL) to give a yellow oil (109 mg, 90%) which
was used in the next step without further purification.

"HNMR (CDCl,, 400 MHz): 8 (ppm): 9.69 and 9.45 (br's,
NH,), 4.43-4.41 (m, 1H), 4.13-4.10 (m, 2H), 3.97-3.94 (m,
2H), 3.52-3.50 (m, 2H), 3.42-3.40 (m, 2H), 3.28 (s, 3H).

Step 3: (E)-6-[3-(2-Methoxyethoxy)azetidin-1-y1)-3-
oxoprop-1-enyl]-3,4-dihydro-1,8-naphthyridin-2
(1H)-one

7 x

| EDCL, HOBt, DIEA, DMF, r.t.
P
N7 Yo
H

N
HCL
0
/C/N Z | X
SN o
N N o

3-(2-Methoxyethoxy)-azetidine hydrochloride (98 mg, 0.6
mmol), EDCI (117 mg, 0.6 mmol), HOBt (82 mg, 0.6 mmol)
and diisopropylethylamine (170 pL, 1.0 mmol) were succes-
sively added to a solution of (E)-3-(7-Oxo0-5,6,7,8-tetrahy-
dro-1,8-naphthyridin-3-yl)-acrylic acid hydrochloride (100.0
mg, 0.4 mmol) in dimethylformamide (10 mL) at room tem-
perature. The reaction mixture was stirred overnight and then
partitioned between ethyl acetate (30 mL) and water (30 mL).
The aqueous layer was separated and successively extracted
with ethyl acetate (2x30 mL) and dichloromethane (2x20
mL). The combined organic phases were washed with a satu-

HO
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rated solution of sodium chloride (3x20 mL), dried over
sodium sulfate, filtered and concentrated to dryness. The resi-
due was purified by chromatography on silica gel, using
dichloromethane/methanol (98:2 to 95:5) as eluent. After pre-
cipitation in a mixture of dichloromethane and diethyl ether,
the title product was obtained as a yellow solid (70 mg, 54%).

LCMS (ESI-APCI) m/z 332.0 (M+H)"

'H NMR (DMSO-d,, 400 MHz): & (ppm): 10.65 (br s,
NH), 8.35 (s, 1H), 8.01 (s, 1H), 7.40 (d,J=15.6 Hz, 1H),), 6.72
(d, J=15.6 Hz, 1H), 4.49-4.45 (m, 1H), 4.38-4.35 (m, 1H),
4.15-4.06 (m, 2H), 3.75-3.72 (m, 1H), 3.72-3.46 (m, 4H),
3.27 (s, 3H), 2.92 (t, J=7.2 Hz, 2H), 2.54 (1, ]=7.2 Hz, 2H).
The triplet CH, at 2.54 ppm is partially hidden by DMSO.

Example 35

(E)-6-[3-(3-Methoxypropoxy)azetidin-1-y1)-3-oxo-
prop-1-enyl]-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E35)

Step 1:
1-Benzhydryl-3-(3-methoxypropoxy)-azetidine

1) NaH, DMF, rt.

2y O o~

80° C.

O

HO

Sodium hydride (60% in oil, 92 mg, 2.3 mmol) was added
to a solution of 1-benzhydryl-3-azetidin-3-ol (500 mg, 2.1
mmol) in dimethylformamide (2 mL) at room temperature.
The reaction mixture was stirred for 30 minutes prior to the
addition of 1-chloro-3-methoxypropane (520 pl, 4.8 mmol)
in solution in dimethylformamide (3 mL). The mixture was
then stirred at 80° C. overnight. Since the conversion was still
incomplete, sodium hydride (60% in oil, 42 mg, 1.1 mmol)
and 1-chloro-3-methoxypropane (111 pL, 1.1 mmol) were
added a second time. The reaction mixture was then stirred at
80° C. for one extra night. The mixture was then directly
partitioned between ethyl acetate (30 mL) and water (30 mL).
The aqueous layer was separated and extracted with ethyl
acetate (2x30 mL). The combined organic phases were
washed with a saturated solution of sodium chloride (3x30
ml), dried over sodium sulfate, filtered and concentrated to
dryness. The residue was purified by chromatography on
silica gel, using petroleum ether/ethyl acetate (8:2) as eluent.
The title product was obtained as a white solid (460 mg, 71%)

LCMS (ESI-APCI) m/z 312.0 (M+H)" .
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Step 2: 3-(3-Methoxypropoxy)-azetidine
hydrochloride

o

1) ACE—CL, DCE, 70° C.

2) MeOH, 70° C.

NH
.
/\/\ ©
S—

O

1-Chloroethyl chloroformate (210 pl, 1.9 mmol) was
added to a solution of 1-benzhydryl-3-(3-methoxypropoxy)-
azetidine (460 mg, 1.5 mmol) in 1,2-dichloroethane (7 mL.) at
room temperature. The reaction mixture was then heated up
to 70° C. and stirred for 1.5 hours. After cooling down to room
temperature, methanol (7 mL) was added and the mixture was
again warmed up to 70° C. and stirred for an additional 2
hours. After concentration to dryness, the crude was triturated
in pentane (2x10 mL) to afford a yellow oil (247 mg, 92%)
which was used in the next step without further purification.

'HNMR (DMSO-d,, 400 MHz): & (ppm): 9.00 (brs, NH,),
4.33-4.30 (m, 1H), 4.13-4.10 (m, 2H), 3.79-3.75 (m, 2H),
3.42-3.35 (m, 4H), 3.22 (s, 3H), 1.74-1.72 (m, 2H).

Step 3: (E)-6-[3-(3-methoxypropoxy)azetidin-1-yl)-
3-oxoprop-1-enyl]-3,4-dihydro-1,8-naphthyridin-2
(1H)-one

EDCL, HOBt, DIEA, DMF, rt.
0

HCl
0
//:/N 7 | AN
\O/\/\O P
N N o)

3-(3-Methoxypropoxy)-azetidine hydrochloride (107 mg,
0.6 mmol), EDCI (117 mg, 0.6 mmol), HOBt (82 mg, 0.6
mmol) and diisopropylethylamine (170 pL, 1.0 mmol) were
successively added to a solution of (E)-3-(7-Oxo0-5,6,7,8-
tetrahydro-1,8-naphthyridin-3-yl)-acrylic acid hydrochlo-
ride (100 mg, 0.4 mmol) in dimethylformamide (10 mL) at
room temperature. The reaction mixture was stirred over the
week-end then partitioned between ethyl acetate (30 mL) and
water (30 mL). The aqueous layer was separated and succes-
sively extracted with ethyl acetate (2x30 ml) and dichlo-

Tz
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romethane (2x30 mL). The combined organic phases were
washed with a saturated solution of sodium chloride (3x20
ml), dried over sodium sulfate, filtered and concentrated to
dryness. The residue was purified by chromatography on
silica gel, using dichloromethane/methanol (98:2 to 95:5) as
eluent. The title product was obtained as a yellow solid (98
mg, 72%).
LCMS (ESI-APCI) m/z 346.2 (M+H)"

'H NMR (DMSO-d,, 400 MHz): & (ppm): 10.64 (br s,
NH), 8.34 (s, 1H), 8.00 (s, 1H), 7.39 (d, J=14.8 Hz, 1H), 6.71
(d, J=16 Hz, 1H), 4.48-4.44 (m, 1H), 4.35-4.30 (m, 1H),
4.14-4.05 (m, 2H), 3.71 (d, J=10.8 Hz, 1H), 3.43-3.39 (m,
4H), 3.22 (s, 3H), 2.90 (t, I=7.6 Hz, 2H), 2.55-2.50 (t, I=7.6
Hz, 2H), 1.77-1.74 (m, 2H). The multiplet CH, at 2.5 ppm is
partially hidden by DMSO.

Example 36

(E)-6-[3-(3-Butoxyazetidin-1-yl)-3-oxoprop-1-enyl]-
3,4-dihydro-1,8-naphthyridin-2(1H)-one (E36)

Step 1: 1-Benzhydryl-3-butoxyazetidine

1) NaH, DMF, rt.

2) \/\/Cl

80° C.

HO

Sodium hydride (60% in oil, 92 mg, 2.3 mmol) was added >

to a solution of 1-benzhydryl-3-azetidin-3-ol (500 mg, 2.1
mmol) in dimethylformamide (3 mL) at room temperature.
The resulting mixture was stirred for 30 minutes prior to the
addition of 1-chlorobutane (500 pL, 4.8 mmol) in solution in
dimethylformamide (3 mL). The reaction mixture was then
stirred at 80° C. overnight and cooled to room temperature
prior to the addition of ethyl acetate (20 mL) and water (20
mL). The aqueous layer was separated and extracted with
ethyl acetate (2x30 mL). The combined organic phases were
washed twice with a saturated solution of sodium chloride
(2x100 mL). The organic phase was dried over sodium sul-
fate, filtered and concentrated to dryness. The residue was
purified by chromatography on silica gel, using petroleum
ether/ethyl acetate (95:5) as eluent. The title product was
obtained as a white solid (370 mg, 60%).

LCMS (ESI-APCI) m/z 296.0 (M+H)*

5

10

20

25

30

35

40

45

55

60

65

104
Step 2: 3-Butoxyazetidine hydrochloride

o

1) ACE—CL, DCE, 70° C.

2) MeOH, 70° C.

NH
.
/\/\ 0

1-Chloroethyl chloroformate (180 pl, 1.6 mmol) was
added to a solution of 1-benzhydryl-3-butoxyazetidine (370
mg, 1.2 mmol) in 1,2-dichloroethane (6 mL) at room tem-
perature. The reaction mixture was then heated up to 70° C.
and stirred for 1.5 hours. After cooling down to room tem-
perature, methanol (7 mL) was added. The reaction mixture
was again heated up to 70° C. and stirred for an additional 1.5
hours. After concentration to dryness, the crude mixture was
triturated in pentane (2x5 mL) to give a yellow oil (179 mg,
86%) which was used in the next step without further purifi-
cation.

'HNMR (CDCls, 400 MHz): 8 (ppm): 9.82 and 9.61 (brs,
NH,), 4.43-4.41 (m, 1H), 4.19-4.15 (m, 2H), 4.01-3.98 (m,
2H), 3.37 (t,J=6.8 Hz, 2H), 1.55-1.50 (m, 2H), 1.39-1.33 (m,
2H), 0.94-0.90 (m, 3H).

Step 3: (E)-6-[3-(3-Butoxyazetidin-1-yl)-3-oxoprop-
1-enyl]-3,4-dihydro-1,8-naphthyridin-2(1H)-one

NH
1) ):‘ HCI
/\/\O
| EDCI, HOBt, DIEA, DMF, r.t.
N N (6]
H

HCI
O
LN)m
/\/\O N/ N 0]
H

3-Butoxyazetidine hydrochloride (100 mg, 0.6 mmol),
EDCI (113 mg, 0.6 mmol), HOBt (80 mg, 0.6 mmol) and
diisopropylethylamine (170 pL, 1.0 mmol) were successively
added to a solution of (E)-3-(7-0x0-5,6,7,8-tetrahydro-1,8-
naphthyridin-3-yl)-acrylic acid hydrochloride (100 mg, 0.4
mmol) in dimethylformamide (10 mL) at room temperature.
The reaction mixture was stirred overnight and then partioned
between ethyl acetate (30 mL.) and water (30 mL). The aque-
ous layer was separated and extracted successively with ethyl
acetate (2x20 mL) and dichloromethane (2x20 mL). The

HO
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combined organic phases were washed with a saturated solu-
tion of sodium chloride (3x20 mL), dried over sodium sulfate,
filtered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using dichloromethane/
methanol (99:1 to 97:3) as ecluent. The title product was
obtained as a grey solid (30 mg, 23%).

LCMS (ESI-APCI) m/z 330.2 (M+H)*

'H NMR (DMSO-d,, 400 MHz): & (ppm): 10.64 (br s,
NH), 8.33 (s, 1H), 8.00 (s, 1H), 7.38 (d, J=16 Hz, 1H), 6.70 (d,
J=15.6 Hz, 1H), 4.48-4.44 (m, 1H), 4.34-4.30 (m, 1H), 4.15-
4.05 (m, 2H), 3.73-3.68 (m, 1H), 3.38-3.35 (m, 2H), 2.91 (1,
J=8 Hz, 2H), 2.55-2.50 (t, J=8 Hz, 2H), 1.52-1.47 (m, 2H),
1.37-1.31 (m, 2H), 0.89 (t,J=7.2 Hz, 3H). The CH, at 2.5 ppm
is partially hidden by DMSO.

Example 37

(E)-6-[3-(3-Isobutoxyazetidin-1-yl)-3-oxoprop-1-
enyl]-3,4-dihydro-1,8-naphthyridin-2(1H)-one (E37)

Step 1: 1-Benzhydryl-3-isobutoxyazetidine

1) NaH, DMF, rt.

HO

20

25
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35

Sodium hydride (60% in oil, 146 mg, 3.6 mmol) was added
to a solution of 1-benzhydryl-3-azetidin-3-0l (400 mg, 1.7
mmol) in dimethylformamide (2 mL) at room temperature.
The reaction mixture was stirred for 30 minutes prior to the
addition of 1-chloro-2-methylpropane (820 uL, 7.8 mmol).
The reaction mixture was stirred at 80° C. overnight and
cooled to room temperature. The mixture was then immedi-
ately partitioned between ethyl acetate (30 mL.) and water (30
mL). The aqueous phase was separated and extracted with
ethyl acetate (2x20 mL). The combined organic phases were
washed with a saturated solution of sodium chloride (3x20
ml), dried over sodium sulfate, filtered and concentrated to
dryness. The residue was purified by chromatography on
silica gel, using petroleum ether/ethyl acetate (99:1 to 9:1) as
eluent. The title product was obtained as a white solid (200
mg, 40%).

LCMS (ESI-APCI) m/z 296.0 (M+H)"
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Step 2: 3-Isobutoxyazetidine hydrochloride

1) ACE—Cl, DCE, 70° C.

2) MeOH, 70° C.

1-Chloroethyl chloroformate (83 ulL, 0.77 mmol) was
added to a solution of 1-benzhydryl-3-isobutoxyazetidine
(175 mg, 0.60 mmol) in 1,2-dichloroethane (3 mL.) at room
temperature. The reaction mixture was then heated up to 70°
C. and stirred for 1.5 hours. After cooling down to room
temperature, methanol (3 ml.) was added and the reaction
mixture was heated again to 70° C. and stirred for an addi-
tional 1.5 hours. After concentration to dryness, the crude
mixture was triturated in pentane (2x5 mL) to give a yellow
oil (98 mg, quantitative) which was used in the next step
without further purification.

'HNMR (CDCls, 400 MHz): 8 (ppm): 9.78 and 9.61 (brs,
NH,), 4.42 (m, 1H), 4.19-4.15 (m, 2H), 4.03-3.98 (m, 2H),
3.11 (d, I=6.4 Hz, 2H), 1.83-1.79 (m, 1H), 0.88 (d, J=2 Hz,
6H).

Step 3: (E)-6-[3-(3-Isobutoxyazetidin-1-y1)-3-0xo0-
prop-1-enyl]-3,4-dihydro-1,8-naphthyridin-2(1H)-
one

NH
p
\(\ 0

EDCL, HOBt, DIEA, DMF, rt.

[@]
P
N N O
H
HCl
[@]
ﬂ*ﬁm
ﬁ/\o N/ N o)
H

3-Isobutoxyazetidine hydrochloride (98 mg, 0.6 mmol),
EDCI (113 mg, 0.6 mmol), HOBt (80 mg, 0.6 mmol) and
diisopropylethylamine (170 pL, 1.0 mmol) were successively
added to a solution of 3-(chloromethyl)-1-methyl-1H-pyra-
zole (100 mg, 0.4 mmol) in dimethylormamide (10 mL) at
room temperature. The reaction mixture was stirred over a
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week-end and then diluted by addition ethyl acetate (20 mL)
and water (2x20 mL). The aqueous layer was separated and
extracted with ethyl acetate (2x20 ml). The combined
organic phases were washed with a saturated solution of
sodium chloride (3x20 mL), dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using dichloromethane/
methanol (98:2 to 92:8) as ecluent. The title product was
obtained as a white solid (40 mg, 31%).

LCMS (ESI-APCI) m/z 330.2 (M+H)*

'H NMR (CDCl,, 400 MHz): 8 (ppm): 8.65 (br s, NH),
8.33 (s, 1H), 7.64 (s, 1H), 7.58 (d, J=15.6 Hz, 1H), 6.43 (d,
J=15.6 Hz, 1H), 4.46-4.43 (m, 1H), 4.34-4.26 (m, 2H), 4.17-
4.15 (m, 1H), 4.01-3.98 (m, 1H), 3.16-3.15 (m, 2H), 3.00 (t,
J=7.2Hz,2H),2.70 (t,J=7.2 Hz, 2H), 1.89-1.83 (m, 1H), 0.93
(d, J=6.8 Hz, 6H).

Example 38

(E)-6-(3-(3-((1-Methyl-1H-pyrazol-3-yl)methoxy)
azetidin-1-yl)-3-oxoprop-1-enyl)-3,4-dihydro-1,8-
naphthyridin-2(1H)-one (E38)

Step 1: 3-(Chloromethyl)-1-methyl-1H-pyrazole

SOCL, THEF, r.t. to 50° C.

\ / \ /

HO Cl

Thionyl chloride (274 ul., 3.75 mmol) was added to a
solution of (1-methyl-1H-pyrazol-3-yl)methanol (350 mg,
3.13 mmol) in THF (2 mL) at room temperature. The reaction
mixture was then heated up to 50° C. and stirred for 2 hours.
After cooling down to room temperature, the mixture was
concentrated to dryness. The title compound was used in the
next step without further purification.

Step 2: 3-((1-Benzhydrylazetidin-3-yloxy)methyl-
1H-pyrazole

1) NaH, DMF, rt.

HO
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-continued

-~

Sodium hydride (60% in oil, 200 mg, 2.30 mmol) was
added to a solution of 1-benzhydryl-3-azetidin-3-o0l (500 mg,
2.09 mmol) in dimethylformamide (3 mL) at room tempera-
ture. The reaction mixture was stirred for 30 minutes prior to
the addition of 3-(chloromethyl)-1-methyl-1H-pyrazole (523
mg, 3.13 mmol). The reaction mixture was then heated up to
80° C. and stirred overnight. Since the LCMS monitoring
indicated the presence of remained starting material, a second
portion of sodium hydride (60% in oil, 200 mg, 2.30 mmol)
was added. After an additional 8 hours at 80° C., the reaction
mixture was partioned between ethyl acetate (30 mL) and
water (30 mL). The aqueous phase was separated and
extracted with ethyl acetate (2x20 ml). The combined
organic phases were washed with brine (3x30 mL.), dried over
sodium sulfate, filtered and concentrated to dryness. The resi-
due was purified by chromatography on silica gel, using
petroleum ether/dichloromethane/ethyl acetate (5:0:5 to 0:5:
5) as eluent. The title product was obtained as a yellow oil
(301 mg, 67%).

LCMS (ESI-APCI) m/z 334.2 (M+H)*

Step 3: 3-((Azetidin-3-yloxy)methyl)-1-methyl-1H-
pyrazole hydrochloride

1) ACE—Cl,
DCM, 0° C.

2) BtOH, rt.

jm)
0 HCI

N—

A

/
N

1-Chloroethyl chloroformate (70.8 ulL, 0.65 mmol) was
added to a solution of 3-((1-benzhydrylazetidin-3-yloxy)-
methyl-1H-pyrazole (218 mg, 0.65 mmol) in dichlo-
romethane (7 mL) at 0° C. The reaction mixture was stirred
for 2 hours. Ethanol (9 ml) was added and the reaction
mixture was stirred for an additional 1 hour at room tempera-
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ture. After concentration to dryness, the crude mixture was
triturated in pentane (4x10 mL) to give a yellow oil (133 mg,
quantitative) which was used in the next step without further
purification.

'"H NMR (CDCl,, 400 MHz): 8 (ppm): 9.97 and 9.66 (s,
NH,), 7.34 (s, 1H), 6.27 (s, 1H), 4.52 (s, 2H), 4.14-4.10 (m,
2H), 3.97-3.91 (m, 5H), 3.78-1.76 (m, 1H).

Step 4: (E)-6-(3-(3-((1-Methyl-1H-pyrazol-3-y1)
methoxy)azetidin-1-yl)-3-oxoprop-1-enyl)-3.4-dihy-
dro-1,8-naphthyridin-2(1H)-one

=

O .Hal
) \
/ !
N
Ho v | x |
Z EDCI, HOB, DIEA,
N X DMF, rt.
0
AN

A
b=
Q
Z
\
==i4
o

3-((Azetidin-3-yloxy)methyl)-1-methyl-1H-pyrazole

hydrochloride (120 mg, 0.59 mmol), EDCI (113 mg, 0.59
mmol), HOBt (80.0 mg, 0.59 mmol) and diisopropylethy-
lamine (3.0 mL, 2.01 mmol) were successively added to a
solution of (E)-3-(7-0x0-5,6,7,8-tetrahydro-1,8-naphthyri-
din-3-yl)-acrylic acid hydrochloride (100 mg, 0.42 mmol) in
dimethylformamide (10 mL) at room temperature. The reac-
tion mixture was stirred overnight and then diluted by addi-
tion of ethyl acetate (30 mL) and water (20 mL.). The aqueous
layer was separated and extracted with ethyl acetate (2x30
mL). The combined organic phases were washed with a satu-
rated solution of sodium chloride (4x100 mL), dried over
sodium sulfate, filtered and concentrated to dryness. The resi-
due was purified by chromatography on silica gel using
dichloromethane/methanol (98:2 to 95:5) as eluent. The tritu-
ration of the residue in methanol allowed the isolation of the
title product as a white solid (39 mg, 27%).

LCMS (ESI-APCI) nv/z 368.2 (M+H)*

'H NMR (DMSO-d,, 400 MHz): & (ppm): 10.68 (s, NH),
8.33 (s, 1H), 8.01 (s, 1H), 7.64 (d, J=2.2 Hz, 1H), 7.38 (d,
J=15.6 Hz, 1H), 6.70 (d, J=15.6 Hz, 1H), 6.24 (d, ] 2.2 Hz,
1H),4.45-438 (m, 2H), 4.38 (s, 2H), 4.11-4.04 (m, 2H), 3.8 (s.
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3H),3.7-3.6 (m, 1H), 2.90 (t, J=7.6 Hz, 2H), 2.51 (t, J=7.6 Hz,
2H). The CH, at 2.5 ppm is partially hidden by DMSO.

Example 39

(E)-6-(3-Ox0-3-(3~(thiazol-5-ylmethoxy)azetidin-1-
yDprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2(1H)-
one (E39)

Step 1: 5-(Chloromethyl)thiazole hydrochloride
SOCl,, THF S Cl

Thionyl chloride (608 mL, 8.34 mmol) was added to a
solution of thiazol-5-methanol (800 mg, 6.95 mmol) in THF
(4.3 mL) at 0° C. The reaction mixture was stirred at room
temperature for 30 minutes and then at 50° C. for 2 hours.
After cooling down to room temperature, the mixture was
concentrated to dryness. The title compound was used in the
next step without further purification.

'H NMR (DMSO-dg, 400 MHz): § (ppm): 9.14 (s, 1H),
7.97 (s, 1H), 5.12 (s, 2H).

Step 2: tert-Butyl
3-(thiazol-5-ylmethoxy)-azetidine-1-carboxylate

1) NaH, DMF, rt.

Cl

cl
DIEA, DMF, 80° C.

O‘CNA{O %

Sodium hydride (60% in oil, 292 mg, 7.30 mmol) was
added to a solution of tert-butyl 3-hydroxyazetidine-1-car-
boxylate (602 mg, 3.47 mmol) in dimethylformamide (8 mL)
at room temperature. The reaction mixture was stirred for 30
minutes prior to the addition of'a solution of 5-(chloromethyl)
thiazole hydrochloride (1.18 g, 6.85 mmol) and diisopropyl-
ethylamine (2.42 ml, 13.89 mmol) in dimethylformamide (3
ml) at 0° C. The reaction mixture was then heated up to 80°
C. and stirred overnight. Since the LCMS monitoring still
indicated the presence of starting material, an additional por-
tion of sodium hydride (60% in oil, 139 mg, 3.47 mmol) was
added. The reaction mixture was then stirred again at 80° C.
After 17 hours stirring at 80° C., the reaction mixture was
partitioned between ethyl acetate (20 mL) and water (20 mL).
The aqueous phase was separated and extracted with ethyl
acetate (2x40 mL). The combined organic phases were
washed with a solution of sodium hydroxide (5x50 mL.) and
with brine (3x100 mL), dried over sodium sulfate, filtered and
concentrated to dryness. The residue was purified by chroma-
tography on silica gel, using petroleum ether/dichlo-
romethane/ethyl acetate (7/0/3 to 2/0/8, then 0:5:5 t0 0/2/8) as
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eluent. A second purification was performed on silica gel,
using petroleum dichloromethane/acetone (9/1 to 8/2) as elu-
ent. The title product was obtained as a yellow oil (150 mg,
16%).

'HNMR (CDCl,, 400 MHz): 8 (ppm): 8.74 (s, 1H), 7.72 (5,
1H), 4.62 (s, 2H), 4.26-4.23 (m, 1H), 4.01-3.97 (m, 2H),
3.79-3.75 (m, 2H), 1.50 (s, 9H).

Step 3: 5-((Azetidin-3-yloxy)methyl)thiazole
hydrochloride

HCI 2N in
Et,O, rt.

—_— >

r 6
o,
D_\OQNH ol

A solution of HCl in diethylether (2N, 5.5 mL) was added
to a solution of tert-butyl 3-(thiazol-5-ylmethoxy)-azetidine-
1-carboxylate (150 mg, 0.55 mmol) in diethylether (2 mL.) at
room temperature. The reaction mixture was stirred 30 min-
utes then concentrated to dryness. After trituration in diethyl
ether (10 mL), the title compound was obtained as a yellow
solid (113 mg, quantitative).

'H NMR (DMSO-d,, 400 MHz): § (ppm): 9.16 (s, 1H),
7.92 (s, 1H), 4.76 (s, 2H), 4.48-4.44 (m, 1H), 4.15-4.05 (m,
2H), 3.82-3.77 (m, 2H).

Step 4: (E)-6-(3-Ox0-3-(3-(thiazol-5-ylmethoxy)

azetidin-1-yl)prop-1-enyl)-3,4-dihydro-1,8-naphthy-
ridin-2(1H)-one

)j ’
i 8 % el
HO v x <\ |
| N
0

Z

EDCI, HOBt, DIEA,
N g > > >

DMF, rt.

HCl
(€]
I g ool
T Ny
N

5-((Azetidin-3-yloxy)methyl)thiazole hydrochloride (113
mg, 0.54 mmol), EDCI (121 mg, 0.63 mmol), HOBt (87.7
mg, 0.63 mmol) and diisopropylethylamine (183 uL, 1.05
mmol) were successively added to a solution of (E)-3-(7-0xo-
5,6,7,8-tetrahydro-1,8-naphthyridin-3-yl)-acrylic acid
hydrochloride (107 mg, 0.42 mmol) in dimethylformamide
(10 mL) at room temperature. The reaction mixture was
stirred overnight then partitioned between ethyl acetate (30
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ml.) and water (20 mL.). The aqueous layer was separated and
extracted with ethyl acetate (2x20 ml). The combined
organic phases were washed with a saturated solution of
sodium chloride (3x30 mL), dried over sodium sulfate, fil-
tered and concentrated to dryness. The residue was purified
by chromatography on silica gel using dichloromethane/
methanol (10:0 to 98:2) as eluent then on C, using dichlo-
romethane/methanol (98:2) as eluent. In order to reach the
required purity, the residue was finally recrystallized in
methanol to afford the title product as a white solid (2.8 mg,
2%).

LCMS (ESI-APCI) m/z 371.1 (M+H)*

'H NMR (CDCl,, 400 MHz): § (ppm): 8.89 (br s, NH),
8.84 (s, 1H), 8.33 (s, 1H), 7.82 (s, 1H), 7.63 (s, 1H), 7.58 (d,
J=15.6 Hz, 1H), 6.39 (d, J=15.6 Hz, 1H), 4.77-4.74 (m, 2H),
4.75-4.41 (m, 2H), 4.31-4.27 (m, 1H), 4.17-4.15 (m, 1H),
4.05-4.01 (m, 1H), 2.99 (t, J=7.6 Hz, 2H), 2.7 (t, J=7.6 Hz,
2H).

Example 40

(E)-6-(3-(3-(Furan-2-ylmethoxy)azetidin-1-y1)-3-
oxoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-2
(1H)-one (E40)

Step 1: 2-(Chloromethyl)furan

OH al
SOCl,, CHCl;,

NEt3, r.t.

\ O

\ O

Triethylamine (10.3 mL., 74 mmol) and a solution of thio-
nyl chloride (2.9 mL, 40.7 mmol) in chloroform (19 ml.) were
successively added to a solution of furfuryl alcohol (3.7 g, 37
mmol) in chloroform (38 mL) at 0° C. The reaction mixture
was then allowed to reach room temperature and stirred for 2
hours. Water (50 m[) was then added and the organic phase
was separated and washed with water (2x50 mL), dried over
sodium sulphate, filtered and concentrated to dryness. The
resulting residue was distilled under reduced pressure (T=50°
C., P=10mbars) to give a colorless 0il (2.0 g, 45%) which was
directly used in the next step.

'H1 NMR (CDCl,, 400 MHz): 7.43 (s, 1H), 6.39-6.35 (m,
2H), 4.60 (s, 2H).

Step 2:
1-Benzhydryl-3-(furan-2-ylmethoxy)-azetidine

1) NaH, DMF, r.t.
OT
] |
ju )~

HO
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(@)
\ O

Sodium hydride (60% in oil, 877 mg, 22 mmol) was added
to a solution of 1-benzhydryl-3-azetidin-3-ol (2.62 g, 11
mmol) in dimethylformamide (15 mL) at room temperature.
The reaction mixture was stirred for 30 minutes prior to the
addition of 2-(chloromethyl)furan (2.94 g, 25.2 mmol) in
solution in dimethylformamide (10 mL). The reaction mix-
ture was then stirred at room temperature overnight. The
reaction mixture was diluted by addition of ethyl acetate (50
ml) and water (50 mL.). The aqueous layer was separated and
extracted with ethyl acetate (2x50 ml). The combined
organic phases were washed with a saturated solution of
sodium chloride (3x30 mL), dried over sodium sulphate,
filtered and concentrated to dryness. The residue was purified
by chromatography on silica gel, using petroleum ether/ethyl
acetate (9:1) as eluent. The title product was obtained as a
yellow oil (3.2 g, 91%).

LCMS (ESI-APCI) m/z 320.2 (M+H)*

Step 3: 3-(Furan-2-ylmethoxy)-azetidine
hydrochloride

1) ACE—Cl,
DCM,
0° C. to 40° C.

_ =
2) EtOH, 40° C.

NH
Juil

O

\ O

1-Chloroethyl chloroformate (534 pl, 4.93 mmol) was
added to a solution of 1-benzhydryl-3-(furan-2-ylmethoxy)-
azetidine (1.5 g, 4.7 mmol) in dichloromethane (36 mL) at 0°
C. The reaction mixture was then heated up to 40° C. and
stirred for 2 hours. Ethanol (50 mL.) was added and the reac-
tion mixture was stirred for an additional 1 h30 at 40° C. After
concentration to dryness, the crude mixture was triturated in
petroleum ether (2x20 mL.) to give a yellow o0il (558 mg, 74%)
which was used in the next step without further purification.
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'HNMR (DMSO-d,, 400 MHz): & (ppm): 9.22 (brs, NH.,),
7.68 (m, 1H), 6.5-6.45 (m, 2H), 4.47 (s, 2H), 4.39-4.45 (m,
1H), 4.06-4.01 (m, 2H), 3.48-3.42 (m, 2H).

Step 4: (E)-6-(3-(3-(Furan-2-ylmethoxy)azetidin-1-
yD)-3-0xoprop-1-enyl)-3,4-dihydro-1,8-naphthyridin-

2(1H)-one
)
o o -HCI
HO = | A P
= EDCI, HOBt, DIEA,
N N 0 DMEF, r.t.
HCl
(€]
JuAa®
= O P
N g (6]

\_-0

3-(Furan-2-ylmethoxy)-azetidine hydrochloride (558 mg,
2.94 mmol), EDCI (563 mg, 2.94 mmol), HOBt (410 mg,
2.94 mmol) and diisopropylethylamine (853 ul, 4.9 mmol)
were successively added to a solution of (E)-3-(7-0x0-5,6,7,
8-tetrahydro-1,8-naphthyridin-3-yl)-acrylic acid hydrochlo-
ride (500 mg, 1.96 mmol) in dimethylformamide (50 mL.) at
room temperature. The reaction mixture was stirred for 2 days
and then diluted by addition of ethyl acetate (50 mL) and
water (50 mL). The aqueous layer was separated and succes-
sively extracted with ethyl acetate (2x50 ml) and dichlo-
romethane (2x50 mL). The combined organic phases were
washed with a saturated solution of sodium chloride (3x60
ml), dried over sodium sulfate, filtered and concentrated to
dryness. The residue was purified by chromatography on
silica gel, using dichloromethane/methanol (10:0 to 95:5) as
eluent. After trituration of the isolated solid in diethylether,
the title product was obtained as a white solid (236 mg, 34%).

LCMS (ESI-APCI) m/z 354.2 (M+H)*

"1 NMR (DMSO-d,, 400 MHz): 8 (ppm): 10.69 (s, NH),
8.34 (s, 1H), 8.01 (s, 1H), 7.68 (s, 1H), 7.39 (d, J=15.6 Hz,
1H), 6.69 (d, I=15.6 Hz, 1H), 6.49-6.45 (m, 2H), 4.45 (s, 2H),
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4.44-4.39 (m, 2H), 4.1-4.02 (m, 2H), 3.66-3.63 (m, 1H), 2.91
(t,J=7.6 Hz, 2H), 2.51 (1, J=7.6 Hz, 2H). The CH, at 2.5 ppm
is partially hidden by DMSO.

Example 41
(E)-1'-Methyl-6-(3-0x0-3-(3-(thiophen-2-ylmethoxy)
azetidin-1-yl)prop-1-enyl)-1H-spiro[[1,8|naphthyri-
dine-3,4'-piperidin]|-2(4H)-one (E41)

Step 1: N-Boc ethylisopinecotate

0 NG o SN
Boc,0, NEt3,
DCM, r.t.
—_—
N
i I
Boce

Boc,0 (15.8 g, 71.4 mmol) and triethylamine (10 mL, 77.8
mmol) were successively added to a solution of ethylisopi-
necotate (10.2 g, 64.9 mmol) in dichloromethane (50 mL.) at
room temperature. The reaction mixture was stirred over-
night. The reaction mixture was diluted by addition of a
saturated solution of ammonium chloride (50 mL). The aque-
ous layer was separated and extracted with dichloromethane
(2x50 mL). The combined organic phases were dried over
sodium sulphate, filtered and concentrated to dryness. The
title product was obtained as a yellow oil (16.7 g, 100%).

'H NMR (CDCl,, 400 MHz): & (ppm): 4.18 (q, J=6.8 Hz,
2H), 4.08-4.04 (m, 2H), 2.88 (m, 2H), 2.49-2.45 (m, 1H),
1.93-1.88 (m, 2H), 1.71-1.63 (m, 2H), 1.50 (s, 9H), 1.30 (t,
J=6.8 Hz, 3H).

Step 2: 1-tert-Butyl 4-ethyl 4-((2-amino-5-bromopy-
ridin-3-yl)methyl)piperidine-1,4-dicarboxylate

O 0]
~
Br. N
x Br |
| & TN Egc C
N N